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ABSTRACT

The design and imniementat ion of the ALCJL-AO orogramminq

Ianouacie for use nn a microarocessor-based svstem is

aescrioed. The i-plementation is comorised of twM

SuOSYStefmS, a compilor which qenerates code for a

hypothetical zero-address mAchine and a run-time monitor

which executes tnis code. Tho system wAS Implementea in

PL/M to run on an o080 micfocomptter in a diskcette- sased

environment with at least 20K bvtes of uiser storaece.
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i. ViJTP~flLTIUN

A. H-TSTORY OF ALGOL

The ojefinitiOn Of the aloot-ith'"Ic lanouaqp (ALfl'LJL6)

was the result of the work of a committee of distinauished

compiuter scientists andC was originally oublished in 1000

Lill. The ourpose of 0,e apvelopers eif ALGflL.bO was thie

estaolishment of a universal COMOUter lanouage scecifically

designeo t r a' low fo0r t INe lonical andi efficient orogram

representation of algorithms. Adcjitional versions and

extensions Of ALGflL-ol suc h a,; iL(7-61 -6Th Ll~1 andl ALGOL-Wd

t1lo have opben develooed and have founa acceptance orimarily

in the acaopmic cor-munities and in Eurooe. The lanquage

Al-GOLE (101 is also b-ased on ALGflL-o) and was revelcoed as

part of a comrplete system 'esionpd for tea3chinq orograrmmino

lanauage concepts.

6. MTCRuCUmPJTF SOFTJ..ARF

The rapid develnpvmemt of microcomputer hardware Since

1079 has aenerallv restiterl in a consiaeratfle lag in the

corresponding aevelmpment Of compatiole otae

particularly that of hinh level lannuaaps. The Intel b060

microoroce~ssor is one of tm few -iernproressnrs Whicn hNaq

emdured long ennuoh to oermit software develooment to

advAnce to#ycnd tma assombiv lanouage level. Hinh level



lanouages which Piave heen doveloopa for 6OeO based syqtpms

by students at th~e Naval PoS'taraOuate Sch~ool inciuap a macro

assembler (ML- 00) 0121, a t3ASTC comoiler/interpreter

(9ASIC-F) (61p and a r0RUL cn-moiler/interPreter (iTC0O-

Cn8OL) (21. The maiority o4 Siah level IanqUageS Currently

available for micrmcemruter based systpms are Pxtensions of

the oriolnal DartmoutS RASIC and, althioIgh theyv allow for a3

reasonable level of rroqjra-minrl SOPhiSticatiom, tkey Are

encumbered hy the im~h-rpnt limitatioms If tnp RASIfl

lanauaqe constructs.

L. tJPJFLTIVES OF ALGI'L-4

The major objective of this oroject was tn aveloo a

jvoarnic, block-struct~ured, recursive high level lanquage

which would Providte adecuato orogrammiric cower and

F flexihility for anplications rroqrammina iusina microcomouter

basea systems. Al6OL constructs were rhosen because of

th'eir simolicity Anc cower and becAuse it was rnossitle to

w.rite the grammar in LALR(1) 4orm for use wi'h avallable

comoiler-compilor nererated narsp tab'les LI'41. ALIrht-v was

developed to run on 6060 baseed microcomoutee systems berauisp

Of the Availability of :4 high le-vel system devel00mont

lAneuage (PL/v) [~1 .hicr ornauc-s %QUP ot iect c ode andl

which coull be run on tm- I'ava' Postnr,3ouate School'S TOM

360. The availability o4 an r8O8O bAsea disk operAtino

system (CP/'1) (13T simtjl- t-r (In tho 1PM 360 was also a

st reno factonr i - t'no cmoice of POP U mi croorocps so r and L PP



op~eratin~g svste"'.



TI. Al.GCL-M Lh;NflUAGF fnhSCPIPTT0.'

A. FFATUPES OF THE ALGflL-M LANG~UAGE

Although~ ILGUI -' 4 was modeled -a fter ALGOL-6u, no attemPt

was marie t'o maa it a frma) subset of *ALGOL-hO. tI'is was

done intenition~ally in oruer, to rroviae a languar~e which

would oe best suite'1 to tIe ne-os Of arplicatiofls

oroaram-ers using nicrocomotiter systems. howaverp, the ha~ic

structure of ALGO(L-NI is similar -nouan to ALGUL-0 O zo allow

simolp conversion of procams from on-s lamquace to the

othier. This was consicer.-1 o.aroicula'-ly imnortant in view

of tMi. fa~ct that the standa-o oublication lanouage is

ALiuOL-t)O. Therof-,-o, tri~rri exists a lar-qe source of

aciolications crcgrams arnj licrary Proce~iures w.hich can bob

simcIv converted4 to execute ur'apr AIA-flL-NM.

i.Tvcp flerl;%r-itior-s

ALGOL-MA sucoot s tPhree tyr'es of variables: inteners,

aec ima Is, a nd s trInas . Tnteiers may to? any value between

-l,8 and + 1 o, 3A4. Upcimals '"av be decared with~ uc to 19

dJigits of orec~sjon and st'-inos may op declarftd as long as

295 characters. Tna cefault rracjsior, for decimals is ten

digits ard the default lenith for strinos is te?- characters.

Ueciiial and strino variable I-nntks may be inteaer variables

-kc can be Asgionea actual valuas at9 run-ti-e.

Anoth~er for'r cf aeclarat ion in ALrUl-v is the array

I I



declaration. Arrays may have up to 255 dimensions with

each dimension ranqinc from -Io,384 to +16,384. The maximum

8080 microcrocesor A(ldress soace of 64k Ytes limits

practical array sizes to somethinq smaller than the

maximum. Dimension bounds may he integer variables with the

actual values assigned at run-time. Arrays may be of type

integer, decimal or strino.

2. Arithmetic Processing

Integer and binary coded decimal arithmetic are

supoorteo under ALGCL-M. Tnteners may be used in decimal

expressions and will 'e convertea to decimals at run-time.

The intecer and decimal comoarisons of less-than (<),

greater-t0an (>), equal-to (=), not-eoual-to (<)i, less-

than-or-eaual-to r<=), and nreater-tnan-or-paual-to (>=) are

provided. Additionally, the lonical operators AND, OR and

NOT are available.

3. Control Structures

ALGOL-M contrcl structures consist Of 8FGTN, EMU,

FOR, IF THEN, IF THEN ELSF, aHILE, CASE and GOTO constructs.

Function and procedure calls are also used as control

structures. ALGOL-M is a block stuctured languaae with a

block normally bracketed 'y a dFGT 4 ano an FND. 31ocks "av

be nested ,Vithin otner klocks to nine levels. Variables

which are aeclared within a block can only o referenced

within that block or a block nested within that block. unce

prooram control proceeds outsio oI a block in whirh a

variable has omen declared, tn variable may not De

12



referenced and, in fact, run-time storage snace for that

variable no lonaer exists.

Functions, when called, return an inteoer, decimal

or strino value decendinn on the tyrse of the function.

Procedures do not return a value when calleo. 8oth

functions and orocenures may have zero or more parameters

which are call by value and both may be called recursively.

Additionally, functions and orocedures may he referenced

before they are Jeclared.

4. Input/Outout

The ALGnL-M APLTE statement causes output to the

console on a new line. The aesir-o outout is scecifieo in a

write list which is enclosed in parentheses. 6trina

constants may he usec in a write list and are characterized

ov beino encloseo in ouotAtion marks. Any combination of

integer, decimal anc strina variables or expressions may

also be used in a write list. A lRTTFON statement is also

available which is essentially the same as the V kTTF

statement except that outout continues on the same line as

the outout from a previnus NRITF nr APITEnN statement. O.hen

a total of RU characters have teen written to the console, a

new line is started automatically. A TAB oction may also oe

used in the -rite list which causes the follnwino item in

the write list to o# soaced tn the rinht by a soecifed

amount.

Console input is Accomplished by the PEA) statement

followed by a reqd list of any comoination of integer,

13



decimal and strino variaoles enclosed in oarentheses. If

embedded blanks are desired in the inout tor a strino

variable, the console input must he enclosed in nuotAtion

marks. A READ statement will result in a halt in orogram

execution at run-time until the input values are tyoed at

the console and a carriace return is sent. If the values

typed at the console watch the read list in number and tyoer

proaram execution continues. Tf an error as to number or

tvoe of variables froT the console occurs, orogram execution

is again haltea until values are re-entereo on the console.

5. Disk 8 ccest

ALGnL-M pronrams may read data from, or write oata

to, one or more disK files which may be located on one or

more disk drives. tlhen file inout or outout is oesirea,

the aporopriate READ or 4PITE statement is modified oy

placing a filename icentifier immediately after RFAn or

xPITE. The actual name of the file may bp assinned to the

file name identifier wnpn the proaram is written or it may

be asSilned at run-time. V;rious disk drives are referanced

oy the letters A through Z. A snecific arive may op

soecified ov orefixino the actual fil- name with the desired

arive letter followea by a colon. Aaditionally, if random

file accesq is desired, tke file name identifier may op

followed hy an inteqer constant, variable or expression

enclosed in parentheses. This inteoer value specifies the

record within the file which is tn be used for inrut/output.

Prinr ti the use of a file name identifier in a kEAD

M.U



or WRITE statement, the file name identifier must aopear in

a file aeclaratimn state-ent. The file name identifier can

only be referenced within tke same block for a lower blocK)

as the file declaration. Filps are normally treatea as

unblocked sequential files. However, if blocked files are

aesired, the record lenqth may ootionallv be soecifie in

parentheses after the file name identifier in the file

declaration statement.

15



ITE. IMPLEMENTATTON

A. COMPILER TMPLEMENTAT1ON

1. Comoiler Oroanization

The comoiler was Hesinned to road source lanouaqe

statements from a diskette and to ornauce an intermediate

lanouage file with ootional source 1istino at the console.

A two pass aprrdach was used to facilitate the

implementation of GOTC statemen~s, forward subroutines, and

control statements. Pass one builds the symbol table and

saves all branch locations for resolution aurina pass two.

Pass one also computes the size of the orogram reference

table (PPT) and writes this information out to the

intermediate file. Pass two resolves all forward references

and emits code to tse intermediate file on disk.

2. Scanner

The scanner analyses tho source proaram ano sends a

sequence of tokens to the parser. Tn adaition, the scanner

provides a listinq ef the source file (if reauestetl),

innores remarks, mnd sets the comoiler tooqles. Analysis of

the first non-blanK character in the inout file oetermines

the qeneral class of the next token. The rest of the token

is then scanned as it is P'aced into the accumulator

(ACCUJ). The first byte of ACC'' contains the lenqtn of the

token. In the case of Constants that exceed the Size of

I1



ACCIUM (32 bytes) a cortinuation flaa is set. This permits

the scanner and narser to continue as necessary to accept

the entire constant.

Ahen the scanner recoqnizes an identifier it

searches the vocabulary table (fVNCAB) to oetermine if the

identifier is a reserved word. If founde the token number

associated with the reserved word's rosition in the VOCAB

table is returneo. The reserved word COMMENT is a special

case since it is not oart of the grammar ano iS hangled

entirely by the scanner. The VOCAB table is clle of tne

taoles orovided tv the LALR() oarse tablb enerarorL41l.

Constants are casseel unconvorteel from t)he scanner

throuQh tne oarser te the intermodiate fila. Althounh this

procedure ones not allow Constant Checking durtnq CompilJ

time, it does save soace in tho compiler. The cnnversion

routines must oe in the run-tima system #Or console inout

and their ouplication in th- compilor was not considered

necessary.

3. Symbol Table

The svmbol table stores attributes of prooram and

compiler aenerated antities such As identifiers, orocedures,

aria labels. The symbol table is constructeo aurina oass one

and the stored information is used by the compilor durina

paSs two to verify that the prooram is qemantically correct

and to assist in code neneration. Access to the symhol

table is arcomtlishec threuot various subroutines which

operate mn tke symbol tabl throtjqh the use of based qlobal

17



v ar iable s.

The symb-ol tatle is modeled after the BASIC-E svmhol

table 1b1. It is an unordered linear list of entries which

grows towarel the too Of memory. Individual entries are

accessed via a chained hash addressing technicue as

illustratea in Finure 1. Each location in the hash table

heads a linked list whose printnames all evaluate to the

Same hash adoress. If there is a zero in the hash table

then there Are nn~ entries for that particular hash value.

UurinQ references to tne sin'ool table, the global variable

PPINTNAME Icntains the address of a variable whicn cnntains

the lencitS mf the variable name followed by the name itself.

The variatle SYMHASH contains the sum Of the AS(iT

Characters that make uO the variable name, mo'lulo 64.

Entriss which hash to the sam^ value are chained so that trie

latest entry is the f irst. one on t he chai n. They are,

howeverv stored in the symbol table in the oroer in which

they appear in the orogram.

Each entry in the svmhol table contains the

fol lowing information!

lenoth of printna.e I byte

collision field 2 bytes

Printniame variable lenath

type I byte

address ;1 bytes

clock level I byte

suotyc byte



SYMBOL TABLE STRUCTURE

SYMBOL
TABLE

HASH ARRAY

28

C " ESION

COLLISION
28 B FIELD

0 , TWO ENTRIES

o 4 WITH SAME0 4 HASH VALUES
18 A 2

0

FIGURE 1
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The address field indicates the identifier's

position in the Ppr unless the identifier is a label. Fo r

labels, it indicates the label's position in the CoO area.

For subroutines, there are two extra SymOnl table entries:

a Parameter field which indicates the number of parameters

associated with the subroutine (I byte), And another address

field which inaicates the position of the subroutine in the

code area.

Since ALGOL-M is comoletely block structured, there

is a block number associated with each identifier in tne

symbol table. A "orevious hlock level stack" was designed

in oroer to retain the symbol taole for debuacing purooses

ourino run-time. Each active block is uspd as an index into

this stack which contains all blocks to which the active

bloCk is subordinate. When a olock is deactivated (i.e.,

the corresoondinn block end is encountered), thp block

number is removed from the Previous block stack and

therefore any identifiers aSsociAted with that bloCk become

inaccessible.

Two different lookup rnutines were designed to

facilitate symhol table lookup. The first Is FULL$LOOKLP

which searches the current hlock And all outer blocks for an

identifier. The secono is NOPMAL LOO (UP which simply checks

the current olock levpl. In most cases, FuLLSLOUKUP is

used to determine if an identifier beino used has been

declared and NORvALSL 00.UP is used to determine if an

identitier being declarcO has hean previnuslv declarea in

the same hl c level.

PO



4. Prarser

Th* LALO o~vsor lot 'e~- ~e * 9

parser lol, .h i cn is a tal le r For~

receives tokens f r mr -Iis 5S v* C 4 WP r 1 Fe t~C t w

aeterprine if tflay are oArl ntf the Al ,OL-AO grd-war . .. er 0n 4

parser Acceots a token, t-ne of the #0 11 0wil" ACtinr' 011l

be t a k er t m ay s Ay tole tkenr a'p*J Cont InUOD to dceopt

tokens in the lookaheac state, 3r it -av recooni ze tho rlrnht

part of one of the valid prOeluCtioms and1 doply tho

Production State rcause a reductinn to take place). Finally

tthe carser may determine ti'at the tokens received co not

form a valid riaht oart for a production in the grammar and,-

cause a Syntax error to be nriritel.

Yihen an error is dletectea RECOVk is calleo ania the

parser backs ur a state with an attempt to continue oarsina

from that state. If this failso it continues to back ur,

until the end of the currently crdina rerluction is reachied.

At that point the baa token is byriasseo ano an attempt to

parse the followino token is miae until an acceptahle token

is found.

The major data structures in the parser are the

LALR(1) parse tables and the carse stacks. The parse stacks

Consist of a state stack a-ad six auxiliary stacks. These

auxiliary stacks are parallel to the oarse stack And are

used to store information nee-deo during code deneration.

The informa3tion stored in these stacks includes variable

types, subtypPs, and variahle iddresges.



5. Code reneraticn

The parser not only verifies the syntax of source

statements, but also controls coe aemeration by associatino

semantic actions with reductions. V)hIn a reduction takes

Place, the procedure YMTHESI7E is called with the

production numoer as a parameter. SYNTHESIZE copies the

needed semantic informatinn 4rnm the parse stacks into

simole variables (to avoid extensive subscrictino) and

performs the apernpriate semantic action. Thiq is

accomplished by the uqe of a larap case statement with the

production number as a Vev. The syntax of the languace,

along with the semantic actions taken, is listed in Anpendix

E.

a. PITEHPRFftR I'PLC wL'TATTOR'

1. tu' tnq te 4LCOL-M Pseudo tachine

The ALGOL-M oseudo ,achine, as shown in Fioure ,

is a software emulation O a StaCK-Oriented CPI.! with an

instruction set which is carticularly well suitec for

evecu*ton of AI-GnL-t pronrams. The ALGOL-M interpreter

is loaopO at Address 1on hex (as are all executable proorams

under the rP/A oerating system) and proceeds to reael the

ALGOL-M intprmediate code from lisk, fonstructing the pseuoo

machine heoining At the first 4r-e memory location. The

AL60L-M intermediate code is reaa into a buffer in 12A ovta

segments. Te first two hytes nt the intermediate code

represent an intener value equal to the number of bVtes



to be used for the Orogram reference table (PRI). Each PRT

location is two bytes in length and is used to con'tain

informa~tion relative to ALGflL-M Prooram identifiers, arrays,

and subroutines.

The remaininc intermedliatp coop is manioulated

in accordance with the aloorithm shown in Fioure j~ in

order to construct the oseurio machine coop area.

2. Overview of the Inlrtt~rretpr

The ALGOL-M interoreter uses th~e oseudlo machine code

area as inout data. Each Pseudo -achine operator is

etduated to in integer value which is Pvaluatedi in or de r t r

provide tbe correct entry noint into a larae case statement

in the imt-rrnreter. Each entry in the case statement

contains the necessary crde to Cause oroper run-time

execution of the scecific ALGOL-.M pseudo instruction.

The Case statement is executed continually until th~e

ALLGOL-M crogram has heen comol,!ted, at which time control

is oassed back to ti-e ooerating system. A run-time stack is

used to facilitate the execution of ALGflL-M Pseudo

instructions. The stack can be viewed as heino two rytes

wide and excanoino or comtractinen abovef tne ALGOL-m

machine codie area as necessary. Thj! too item on the stack

is addressed Iby the variable P~r while the next-to-toc item

is addressed hy Qb. Tho contents of the two b-ytes no ton

Of the stack are referenced by the variatvle AlkA while

the two byte contents of the next-to-top stack osition are

referenced by t he v ar iatlIe a PLi. The Ilow o rdeor byte
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contents of the ton and next-to-too stack locations

are referenced by the variables FRA and @ n

respectively. Ihe various stack variables are depicted in

Figure 4.

S. Allocation of Storaoe Space

Nun-time storage space is reouireo for the

values associated witn ALGOL-M orogram ioentifiers which

have been declared as integer, decimal, or string values,

and for information needed to process arrays and

subroutines. A seauential number is assioned to each new

identifier as it is recognized by the compiler. This numher

is useo to reference the ORT at run-time in order to store

or retrieve the value assnciated with each ioentifier.

a. Integers

integer values range from -Io,3P4 to +16,360 and

are stored directly in the two bytes allocated in the PNT

for integer identifiers. A maximum lenoth of two ovtes for

integer values was chosen because the resulting ranne of

Possible intecer values was considered adeauate for the

primary use of inteaers as Program control counters, such as

array subscrints and loop boundaries. Additionally, two-

ovte values were the most convenient size to work with in

the implementation languaoe PL/M rsi. The hiot oraer bit of

the integer representation is the sign bit, with

zero indicating a pcsitive value and one indicating a

negative value. The second Dit of the intecer

representation is always zero in order to permit
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cifferentation between inteqers and other types on the

stack. The ALGOL-r internal form for addresses is also a

two byte value.

b. Decimals

Decimal values up to 18 dicits in length are

permitted in the ALGUL-M lanquaoe. Fs, decimal

identifier is associated with a unioup PRT entry. Tnm value

stored in tle two OVte PPT entry reorespnts the run-

time address of the location on the ALUL -M stacK where

the actual aecimal value is stored. Phe format for

decimal storaae is shcwn in Figure b.

The next-to-last byte of the allocated space

fnr decimal iopntifihrs contains the number of oytes useI

for storaoe of that value. Tris value is a function of the

size declareO for the decimal by the orogrammer and may be

delayed until run-time. A maximum of 1R  dioits Of

precision may be declared with the default orecision

being ten digits. The first byte of the decimal storage

area contains a value raPresentina the number nt bytes

used to hold tne actual oacked dicits. This value may be

less than the number of bytes whicn could te stored in the

allocated area. Tn order to save Storaae scace, the decimal

values are oacked two digits ver byte of storage space.

ALGOL-M is a blocK structured lanquaae based

uoon a stack- model for execution. Thus, it allows efficiPnII

allocation of %tnrage for decimal identifiers. A

block is normally bracKeted by the ALGOL-M kPYWor(s



BEGIN
INTEGER A,B;
A 3;
B :-2;

END

SIGN BIT

000 0 0 011 [o o oo 01 000 +

LOW ORDER HIGH ORDER
BYTE BYTE

SIGN BIT

lo0o00o0o 1 0 ~100 00 0 00 -2

INTEGER STORAGE

FIGURE 5
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BEGIN
DECIMAL(12) X;
X :- 123456.78;
END

OFFSET ToBOTOM OF 8 1IG
DECIMAL
STORAGE

ji__________

56 78

12 34
ACTUAL NO. [DECIMAL POINT
OF BYTES
USED FOR 4 2 OFFSET
DECIMALJ
VALUESTC

DECIMAL STORAGE

FIGURE 6
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6FGIN and END. Blocks may he embedoea within a higher

level block as shown in Figure 7. Toentifiers which are

declared in a given block are consioerea local to that

block ana global to ary lower lever olock and therefore mav

be referenced from those blocks. however, once

execution Of an ALGOL -m oroqram oroceeds beyond a qiven

block, the ioentifiers declared within tnat block may no

lonqer he referenced and, in fact, tne storage allocated for

those ioentifiprs is removed from the ALGOL-M machine

Stack.

C. itrinos

atrincs of ASCIT characters un to 25S bytes in

lenath are Pprmited in ALGOL-M. In the same manner as used

for decimal storaoe, the strino identifier is associated

with a unique PRT entry. The corresoonaina PRT entry

contains the aadress ef the actual string storane space on

the ALGOL - m stack. The format for string storage is

shown in Fioure 8. The next-to-last byte of the allocated

storaoe soace for a strina identifier contains the value of

the number of bytes actually allocated by the proorammer un

to a maximum of 295 bytes. The first byte of the

allocated strina storage area contains the value of the

actual number of ASCII characters stored in the allocated

area. The concept of storane allocation as relateo to block

levels is the same as aescribed for oecimal identifiers.

Ai



BLOCK LEVEL 0 - %BEGIN
DECIMAL A,B,C;

BLOCK LEVEL 1 s) BEGIN

STRING X,Y,Z;

BLOCK LEVEL 2 PBEGIN
DECIMAL C,D,E;

END BLOCK LEVEL 2 - - END;
END BLOCK LEVEL 1 - END;

aD-OK LEVEL 0 -4END;
2

0

LEVEL ADDRESS

STACK

I STORAGE FOR

BLOCK LEVEL 2

I STORAGE FORBLOCK LEVEL 1

STORAGE FOR
BLOCK LEVEL 0

BLOCK LEVELS AND STACK STORAGE

FIGURE 7
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BEGIN
STRING (9) TESTWORD;
TESTWORD "HELLO";

OFFSET TO1
BOTTOM OF ~ 10
STRING J
STORAGE

"E0"

ACTUAL O

STORED

STACK

STRING STORAGE

FIGURE 8
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d. Arrays

ALGOL-M arrays may be of type integer,

decimal, or Str'img. Arrays may consist of tip to ?b 5

dimensions with each dimension containino UO to 1h,3641

elements. The uoper and lower hounds of each dimension

may consist Of any rositive inteoers, variables, or

arithmetic excrossions. Faco array name is associated

with a unique PPT entry. TIke ppr entry Contains tne aadress

Pointer to the actual array storage area on the ALrOLM'

machine stacK. the first part of the array storace area on

Ohe stack Consists of the displacement vector and otker

information which is necessary to calculate the aodress

Of any Specific array element at run-time. The format for

array storane is shown in rinujre 9. The allocated storage

area for each array element is exactly like that used for

inteqers, Hecimals, or strinos which are declared as

single identifiers. 11,e algorithm used for calculatino the

disolacement vector is exoressed as:

fIF I wh T146M 1, aTmeRaiS

where N is the numher of dimensions, I is the

resnective dimension, and 11 is the uoper bound ara L is the

lo~wer bound of a dimension.

The offset vector, V4, is calculated by:

V = -z LL)x
The offset vector represents toe correction necessary for

non-zero-origin subscriotq. rhis arnproach t(- location

elements in dynamically aeclared arrays is essentially toM

same as that used in, ALG0L-F rio]
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4. Storane and Retrieval of Variables

Once allocation of storage for variables has

open completed at run-time, storage and retrieval of actualI

values is relatively sim'ple. A check is first made to

insure that the number of bytes to oe steored is less th'an

or eaual to the storaae space allocateo for a aiven

variable. In the case of strings, if the destination

storaoe space is not lamne Pnona to holo the entire

strino, as many characters as Possible are stored ano a

run-time warning messaoe is issued advisino that strinn

overflow has occurrea. For decimal storage, if the total

number of packed dioits to he stored is larqpr than tne

available storage space, non-significant digits are deleted

until the decimal vilue can oe stored. If a sianificant

aigit must be deletec in order to store a decimal value, an

error messaoe is aenerated and !!he stored decimal value

is arbitrarily set to 1.0 to allow continuation of erngram

execution.

Array elements are qtcred exactly as the

corresponding single ele ment variat~es. However, thp

0ata located at the hecinnina ot each array storage area

(refer to Figure 9) is used to calculate the actual

location of a soecific array element. This is accomclished

Oy initializino the offset variabip to the value of the

rightmost st-10scrioted value. Tkis value is then a cd ed to0

the Product of the next rightmost subscrirntea value and the

n-1 displacement vector value. This Procedure is continuied

until the left-moqt suhscricted valu te 4as open usem InM



the calculation'. Next thob offset veCtorp v *pl US oneo i S

Subtracted fro" the offset variable and the result is

multiolied by the Size Of the ariea allocated to each array

element. The result of this calculation is trie total

offsete in h-ytes, from' the beginning of the storage area

for the array to the specific array element in question. A

check is mfAdje to inSurof the calculated total offset is

not oreater than the offset which would result in access to

the last array element. An error message is cienerated by

the internreter if ;4 qubscripted variable is refererceo with

suoscricts that are mot witnin the apclared array

di mens ion's.

5. Arithmetic fperations

Arithmetic orerations for inteoer variables are

straiahtforward because the imclemopntation lanouagob, FL/"

EAJ, orovides all of the necessary two byte arithimetic

ooerations. Therefore, the two inteaer values which are

to he adaeo, subtracted, multiolied, or dividedi are placed

one a00 V e t he ot her o n t he s tAc k anao t ip apnropri ate,

routine performs the necessary arithmetic oceratione

replacing the oricinal two inteaer values with trie

result of that overation. Tho rpsulting value is then

available to store into the space allocated for an intecer

Variable or to be used as one of th- inte!ger values for

continueO arithmetic copratio's.

Decimal aritri-etic is acccmolished U v maniptilatino

packed aecimnal strinos, each ot which is loaaeo in A ten

31



oyte reoister (two dicits per byte). The result of the

decimal arith-"etic oneration is stored in a third

register. necimal values are also stored in the Packed

decimal form, shown in Finure b. Gecimal strinas are only

unpacked when and if they are written to disk or console

at run-ti-e. Decimal addition is accomplisheo by

addino the two -eoisters, subtraction is done uSino

nines complement arithmetiC, multiolication is cone

throuah a shift and Add alnoOrithm, ana division by a shift

and subtract -ethoa. Aftyr the aecimal arithmetic

ooeration is comoleted, the result is olaceod or the too of

the stack in oreparition for a decimal store operation or

use as a new value in a continuino aloebraic exorPSSjon.

(. Strina Operations

The ALGOL-M ccmoiler is designed to hanole strings

uo to 255 characters in lenqth. The concatenation ooerator

allows two or more strinqs to be Co-oined to oroauce a new

strino consistino of all the characters contained in

the orioinal strinqs. The orocess of concatenation takes

place on the stack with strings being combined

repeatedly as necessary for multioIe concatenations.

The resultino strinc is then available for storage in

the space allocated to a strino identifier. If the result

of concatenatimn orrduces a strinn which is lonoer than

the allocated storaoe snace, the strlng is truncated as

necessary and an error messeap is issued hV the interoretpr.



7. Subroutines

There are two types of suhroutines in ALGflL-ki:

functions ana procenures. The only differences hetoveen the

two is that a fujnction returns a value to the too Of the

stack while a proceoure does not. Subroutines are fully

recursive andI Can be called prior to their declaration.

a. Invocation

A subroutine can be invoked with zero or mor-

actual parameters. Th'e actual oaramerers consist of

imteger, OpcirnaL, or string expressions wfich are

evaluated a nd 0 as s P t 0 t he sucroutine v ia t he,

execution qtack. Tn addition to Parameter values, the only

other information needed tr, call a urccedure is tm,

Procedure address in the co-4e area. This actual form"at Of

the stack at the ooirt of a subroutine call is indicateu in

Figure 10.

0. Storaoe Allocation

Storane fcr variables and parameters declareI

within a suoroutine is allocated on toe stack at run i 'e .

The actual oarameters and tl-e subroutine call infcrmation is

also stored on the execution stack. To allovw subrouitine

call by value and to save me-mry, it was necessary trn mcsve

the actual Parameter values and1 subroutine call informntion

off the stack primr tc allocaltinp storacA for the formal

Parameters and local variables. This *as accomnlished bv

movino them" to tie too mf available memory. Storage can

then De allocatou for the formal Darameters on top of t'e

39
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stack in the normal manner. This move was accomplished

throuqh the SAV ooerator as illustrated in Fiqure 11. The

SAV operator also checks to determine if the call is a

recursive call and if so, saves the orocedure control block

(PCB) on too of the stack. The PC9 is similar in structure

to that of ALGOL-Ef1O]. Althouoh this procedure SlowS oown

the execution soeed of the interpreter, it was considered

more important tn save memory soace. Storing SuOroutine

values on the stack aq indicated above simolifies the He-

allocation of memory at the end of the SuIDroutinl. This ib

accomplished by simrly removing elements from the stack down

to the aporopriate level.

c. Parameter Mapoinq

Parameter mapoinq is done throuah the use of tne

5V2 operator as illustrated in Figure 1. ihe onerapor

copies the actual parameter information at the too of memory

into the area allocated on too of the stack. The PCR

ohich keeps track of subroutine variables is tnen set with

pointers to the currant oarameter values.

d. Function Peturn Value

Included with the allocatea area for parameters

ana local variables, thnere is an additional allocated

area for the return value of functions. The function name

is treated as a simple variable within the function

ana the return value in assioned to it. This value is

copied to the top of the qtack when the function

roturns.

I ,1 . . .. . .. . . - . .. . .... ii .. ....... ... . . . . ..... ... _ =a
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STACK CONFIGURATION FOR

SV2 OPERATOR
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e. External Functions

The ALGOL-M qrammar suoports eyternal

function declarations and, although they have not been

implemented, their desion has been Considered. Eyternal

functions are conceived to be ALGOL-M intermediate files

which could be declarea and called from other ALGOL-M

Proqrams. The intermediate Cooe for these files would

be reau from disk by the compiler and inteorated into the

prooram intermediate code as if the external subroutine

had in fact been a normal oroaram subroutine. The

grammar would reauire modification in order to allow a

subroutine to oe compileo by itself.

t. Forward References

Forwaro subroutine referencs are suoportei 1v

simoly treating all undeclared identifiers as forward

subroutine references durina oass one of the compiler. If

On pass two these references have not been resnlved, then

an undeclared variable error is generated by the Compiler.

g. duilt-in Functions

There are currently no built-in functions in

ALGOL-M. However, their imrlementation has open

considered. To imolement built-in functiong, a simole

modification to the symbol table structure would oe

needed, allowing the built-in function names to he entered

in the symbol table when it is initialized. There

wnulo be an operator associated with eacn function name in

the symbol table wnich would indicate the run-time action to

4 4



be taken. This operator would be emitted each time the

built-in function was referenced.

8. Input-Outout

Two basic t'ypes of input-output (I/O) are

implemented in' the ALGOL-M lanauage: console and disk.

Console 1/0 refers to the device which is beinq used to

provide commands to the system, tycicallv a cathode-ray

tuoe terminal or a teletvoe. Input is accomplished via

ALGOL-M orogram READ statements and outout via #vPITL or

aRITEON statements. Tnteaer and decimal values, includina

signs ana aecimal noints, are converted from their

internal representation into ASCII characters which, are

provided to am ocerating syste- orint routine for console

output. String variables -and cnnstants are stored In

the ALGOL-M oseuao-maChine as ASCII st'rincs and are sent

character Oy Character to the system orint routine. fonson).

input is accomolishec via an operating system routine wt'icO

reads or~e full console line into an ALGOL-i buffer. Tna

internreter evamines the buffer and converts the ASrIT

characters in the buffer into the arprooriate ALVrUL-m

internal decimal, integer or strina for-at. ]he innut

value is then stored in the space allocated for its

variable name.

The ALGflL-M kFAD or ojRITE statement for disic T/O

ijcontains t he name 0,f t he d is k f ilIe t o h e usec and,

optionally, soecifies the diskc drive containing that file.

The default drive is the currently looged orive 141. An



additional option is that any sreci~ic recoro on tne file

may also be soecifieo in the ALGOL-M PEAD or WRTEF

statement. A file declaration statement is used to

associate file ioentifier names with a specific entry in the

ALGOL-M PRT. At run-time, space is allocated on fme

ALGOL-M stack for file control block (FCb) information

necessary to interface file ooerations with the

ooeratinq system. In addition to the FCP, space is

also allocated for a 12R byte I/0 buffer for each declared

file. The routines to convert oacked decimal and intener

numbers from internal form to ASCII form, and vice-versa,

which are used for writino to and readina from disk files

are the same as those used for console I/0. Any number of

tiles may he ooer simultaneously and, as with all run-

time storage, the soace alocated on the stack for file

ooerations is recovered when the block is exited.

9. ALGfL-M Pseudn Operators

a. Description of Interpreter Variables

The top item on the ALGOL-M stack is aadressed

by the variable RA while the next-to too item on the stack

is addressed by the verianle PB. The value contained in the

tirst two bytes addressed by PA and NF are referenceu Ly *ne

variables APA and APB respectively. The contents of the

low-order byte of A6 and ARS is referenced by the variable

BPA or BRk respectively. The structure of the stack is

shown in Fioure a. Oecimal and strino values mAy oe

represented on tn. qtack by rn address which vields the



actual storage area fcr the value, or by the actual value

itself storedl as one of the items on the stack. Ahen a

decimal or string value is stored on the stackv it is

referred to as a temporary value. Temoorary values are

stored on the stack in oreoaration for storage into the area

allocated to a Roecific identifier, or for use as a value in

the evaluation of an exoression.

The ALGOL-M compiler generates various pseudo

overators which were chosen to allow effective run-time

execution of the ALGOL-M oseudo maChinet. Following is a

list of the oseudo ocerators and a brief description of the

action taken at run-time when each operator is encountered

in the ALGOL-M code area.

b. Literal Data Peferences

An initial check is made of each one byte

operator in the codle area in order to determine if the high

order bit of that byte is set to one. Tf the high order bit

is set thon the loast significant 14J bits of that byte and

the following oyte are automatically added to the address of

the becinnino of the orogram reference table and olaceo on

too of the stack. 5 check is then made of the second bit of

the original hyte 4nd if it also is set to one the PfiT

address now on too of the stack is reolaced by the contents

Of the two tvtes rointed to hy that address. Theso are

referred to as LIT anc LITLOO ooerators.

INT: (integer). Thes followino two hyte intener

value is olaced- on tho stack.

U 7



STR: (strina). The prooram counter is

incremented oast the following string constant and the

adaress of the newt-to-last byte of the strina constant is

placed on the stack.

OFCT: (decimal). The proaram counter is

incrementeo cast the followina decimal constant and the

address of the next-to-last bvto of the oecimal is olacea on

the stack. The next-to-last byte of the Oecimal constant

contains the offset te the first byte of the constant which

in turn contains the value of the number of bytes in which

actual decimal digits are stored.

IMI: (load a one hyte integer". The value of

the followina byte is converted to a two oyte value and

placed on the stack.

IM2: (load a two byte integer). The followina

two byte value is placed on the stack in reverse order.

C. Allocation fperators

ALD: (allocate decimal). Storaoe for a decimal

variable is allocated on the stack and the adaress of the

allocated area is placed in the PPr entry for the snecific

decimal variahle.

ALS: (allocate string). Storage for a strina

variable is allocateO on the stack and the address of the

allocatea area is placed in the PPT entry for tne srecific

strino variable.

ATD: (allocatp intermediate oacimal). The same

action is taken as in ALD except the declared oecimal lenoth



is left on too of the stack in oreparation for the next

allocation which is exoectea to immediately follow in the

coae area. [his ooerator is used when several decimal

identifiers are declared in a sinole declaration statement.

ATS: (allocate intermediate strino). The same

action is taken as in the AID operator with the exceotion

that string allocation is used.

d. Arithmetic Operators

A01: (add integer). The integer values of the

top two items on tne stack are reolacea by their inteder

sum.

ADO: (ada aecimal). Tne decimal value of tne

top item on the stack is loaded into decimal arithmetic

register zero, and the value of the second item on the stack

is loaded into decimal arithmetic register one. The two

arithmetic reaisters are added with the result placed m

register two. The orioinal decimal values on the stac are

replaced by the result of the arithmetic operation.

S9I: (subtract integer). The second inteaer

value on the stack is subtracted from the integer value on

top of the stack, both values are removea from tnP Rtack and

the result of the oneration is olaced on too of the stack.

SRO: (subtract decimal). The same action is

taken as in the ADO operator excect the second item is

subtracted from the top item on the stacK.

MPI: (multinly intener). The same action is

taken as in the SBT operator except tno too two items Are

'19



multiolied.

MPD: (multiply decimal). The same action is

taken as in the ADO operator except the too two items are

multiolied.

OVI: (divide inreoer). The same action is taken

as in the SRI ooerator except the top item is divided by the

second item.

OVD: (divide decimal). The same action is taken

as in the ADD onerator exceot the too item is divided by tne

second item.

NEG: (negative). Te sign Of the decimal or

integer on too of the stack is charined.

CTI: (convert inteoer). The integer on too of

the stacK is replaced hy its decimal eauivalent.

CT2: (convert inteoer). The same action is

taken as with Cl except the inteoer which is the second

item on the stack is converted to a decimal.

LSS! (integer less than). The integer value

(ARB) is compared with the inteaer value (APA). Roth values

are removed from the stack. If APB was less than ARA, tne

value one is olaceo on tnh stack, otherwise the value zero

is olaced on the stack.

DL3S: (decimal legs than). The decimal on too

of the stack is compared to the decimal wnich is the second

item on the stack. if the value on too of the stack is less

than the secnnd value on the stack, both values are removed

from the stack and rerlAced by the value one, otherwise they

are replaced by the valte zero.



GTR: (integer greater than). The same action is

taken as in the LIS onerator exceot a one is vlaced on the

stack if ARB is greater than ARA.

DGTP: (decimal greater than). The same action

is taken as in the rLSS ooerator exceot a one is olaced on

the stack if the second decimal item is greater than the too

decimal item.

EIL: (int-ger eaual to). The same action is

taken as in the GTN ooerator exceot a one is vlaceU on the

stack if AR9 is ecual to AkA.

DECJL: (decimal equal to). The same action is

taken as in the DGTR orerator exceot a one is clacea on the

stack if the secono aecimal item is eaual to the too decimal

i. em.

NEQ: (integer not eaual to). The same action is

taken as in the EOL ooerator exceot a one is Olaced on the

stack if APR is not ecual to ARA.

DNEQ: (decimal not equal to). The same action

is taken as in the rEIL onerator exceot a one is nlaceo on

the stack if the second decimal item is not equal to the too

Oecimal item.

GEd? (integer greater than or equal to). The

same action is taken as in the NE@ ooerator exceot a one is

placed on the stack if ARP is qreater than or ecual to ARA.

OGEO: (decimal oreate- than or equal to). The

same action is takem as in tha nNFQ ooerator excect a one is

placed on the stack if the second decimal item is orpater

than or enual to the too decimal item.
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LEU: (inteqer less than Or equal to). Tne same

action is taken as in the GFQ operator except a one is

placed on the stack If ARB is less than or equal to ARA.

DLEO: (decimal less than or eoual to). The same

action is taken as in the DGFQ operator except a one is

placed on the stack if the second decimal value is less than

or equal to the top Oecimal value.

NOT: (boolean not). This overator charges the

result of any previous bool-cn noerator oy complementina the

value of the one or zero which waq olacea on the stack by

the previous operation.

AND! (boolean andl. This operator chpcks tne

top two values left on the stack by any two previous boolean

ooerations. Tf ooth values are one then both values are

replaced with a one; otherwise 'oth values are reolaced with

a zero.

UR: (boolean or). This ooerator checks the too

two values left on the stack by any two previous boolean

ooerations. If either value is a one then both values ar

replaced by a one; otherwise they are replaced by a zero.

e. Strino nperatnrs

CAT: (concatenate). The two strings on too of

the stack are combineo to produce a new strina consisting of

the characters of the s^cond strina followed Ov the

characters of the first string. The two orioinal qtrings

are copred from the stack And replaced by the resultino

concatenated string.

92



SLSS: (string less than). The same action is

taken as in the DLSS operator except that a character by

character string comparison is made usinq the ASCII

character collating sequence.

SGTP: (string qreater than). The same action is

taken as in the DGTR ooerator except a strinq comparison is

maae.

SFUL: (string equal to). Tne same action is

taKen as in the nLQL operator exceot a strirn comparison is

made.

SKIEn: (string not eaual to). The same action is

taken as in the ONE ooerator exceot a strina comoarison is

made.

SGEQ: (string qreater than or equal to). The

same action is taken as with PGF ; except a string comoarison

is made.

SLEO: (strinq less than or equal to). The same

action ig taken as with OLEO excet a strina comparison is

mace.

f. Stack Operators

ACH: (exchange). Tke value of tne too two bytes

on the stack (ARA) is exchanced with the value of the next-

tn-too two hytes on the stack(APB).

PnP: (pop the stack). The stack pointer (HA) is

moved to the position of the stackpointer (Pe) and Pb is

moved to ooint to t e next item below its current position

on the stack.
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LOD: (load). The address value on the st.aci

(ARA) is replaced ty tne two bytes Poiritoo ti Hy thdtt

address.

DCB: (decrement block by more than one leveli :

The stack Pointer (RA) is Hecrerrented to the addr-ess stce

in the block level tahle and the index to 1tho ClOCK level

table is decreased by the value stored in the next t.n -tp

in the code area. The stack Pointer (NP) is moved b-elow M.A

to the too of the saccnd item on the stack.

BLI: (clock leval increment). The inlex to t-)&

block level ar-ray is increasedl by one at-a the address of t'tp

too item on the stack is stenred ijn ,he block level array.

dLD: (clock level decrement). Tt-p inley to 1-,

blOCK level array is decreased bY one ana tle value of trtp

stack Pointer (RA) is chanqed to the aa1dress stnrea in the

block level array.

SOR: (subtract stacle values). This onerator is

used to subtract the seccond value on the stack from the too

value on the stack usina unsinned Sixtpen bit arithmetic.

The two values are rpolaced' by the result of 9-ne

subtract ion.

g. Array Unerators

Nfl.': (allocate array qt-'raqp). The n~umber o#

array dimensions, the uoner ano lower nunas Uf elch

aimrnnn, and the array tyne (intene, dpcimal, or str-')

at-e used to calculate the array disriacemerit vect r whicn is

storedl on the stack crinr teo illocatinn oU ctnra qp f r t hp



actual array elements.

St1b: (calculate the offset to a specific array

element). The array subscript is used in coniunction with

toe oisplacement vector information stored at the beninnina

o the array storaoe area to calculate the address of the

sceecific array element beinq referenced by the subscripted

arr at)e.

h. Prooram Control Onerators

bOS: (oranch aosolute). The orogram counter is

chan ea to an address one less than the address reoresented

Dv the followinc two t-ytes in the coae area.

BPC! (orarch conditional). If the value on too

of the stack is zerc, tie proaram counter is channed as in

bPS; otherwise the orogram continues with the next operator

in the code area.

BPA: (comouted branch aosolute). The rrogram

counter is chanced relative to the start of the coom area by

the value on too of the stack.

XIT: (evit the interpreter). XTT caused return

of control to the ooerating system.

i. Store OUerators

STI: (store inteqer intermediate). The intecer

value which is the second item on the stack is stored in tne

PPJ adaress which is the too item on the stack. The PHT

address is then removea fom the stack.

601: (store decimal intermediate). The same

action is taKen as with STI eycept i deci"al value is stored
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in the allocated area pointed to by the adoress on too of

the stack.

SSI: (stere stnina intermediate). The same

action is taken as in the 50I ooerator exceot a strina value

is stored.

STD: (store integer destruct). The same action

is taken as in the 811 operator exceot both the PRT address

ana the integer value are removed from the stack.

SOU: (store decimal destruct). The same action

is taken as in the SID onerator exceot tie pointer to the

decimal allocated area and the decimal value are removeH

from the stack.

SSD: (store str-inn destruct). The same action

is taken as in the 50D ooerator exceot the pointer to the

strino allocated area and the strina value are removed from

the stack.

j. Inut/Outcut foeratnrs

D?0P* (dumn). DMP siqnifies the end of writina a

line to the consolp. 4 carriane return And line feed are

outout to the console via tke ooerating system.

wTC: (write integer to console). The intener

value on too of the stack is converted to ASCTI charactars

and prirteo on the console.

A)C: (write decimal to console). The decimal

value on too of the stack is converted to A.CTI characters

and printed on the console).

6C: .write strino to ct nsole). The asrIT



strina value On top Of the stack is printed on the console.

YITD: (write integer to disk). The integer value

on top of the stack is converted to ASCII characters and

stored in the disk 1-uffer allocated for the file name

soecified in the source aPITE statement.

1 DO: (w~rite decimal to disk). The decimal value

on top of the stack is converted to ASCII characters and

stored in the disk buffer allocated for the file name

scecified in the source vRITE statement.

NSU? (write strini to disk). The ASCII strina

characters on top of the stack are stored in the disk buffer

allocated for the file name specified in the source V'RTTE

statement.

RCI: (read console inteaer). Th4e console- re~aH

buffer is scanned for the ASCII representation of an intecer

which is converted into internal form and placed on too of

the stack.

RCD: (read consnle decimal). The console read

buffer is scanned for the ASCII representation of a diecimal

value which is converted into internal 'orm and placed on

top of the stack.

RCS: (read Console String)~. The console read

outfer is scanned for an 43CIT string or for any series of

characters delimited by quotation markes hich is pl~red on

top of the stack.

RFI: (read d11sk inteaep). Trie disk uufer

allocated to the filpe na-e ancearing it- tmi- source lanou;qp

RFAP) statement is scarned fnr the ASLT1 rpcpesertat io- cf am

c;



integer which is Converted to internal form and stored on

top of the stack.

DU: (read diSK decimal). The same action is

taken as in the ROI operator except a decimal value i's

placed on top of the stack.

RDS: (road1 disk Strino). The same action is

taken as in the RD-I operator except a strino value is placed

on too of the stack.

RCN: (load console buffer). The current line on

the console is dumced into the console read buffer an,! the

current prooram counter is stored in oreparation for the

possihility Of A console error ano the subsecuent reeda to

recover for repeated conscle inout.

ECR: (error in console read). If Characters

remain in the console read buffer after all console read

operations have been co-pleted, an error condition exists

and the prooram counter is reset to the start of the console

read routine allowing the console input tn be entered again

as necessary.

UPN: (disk open). The address on too of the

stack coints to the al located area for the file control

block and disk buffer associated with the disk file name

soecjfi~d in the source lannuagp file declaration state-ent.

The file name which is stored in the file control block is

passed to the operatino system which in turn ooens that

soecific file for disk inout/nutout.

CLS: (disk close). ihe file name lo cated in 9'he

file cnntrel block cointed to by the aadress nf the too of



the stack is Passed to the ooeratino system which in turn

closes that soecific file to inout/output.

RDb: (ready seouential block). The interpreter

input/outout routines are initialized to operate with the

file control block ano disk buffer area pointed to by the

adoress on top of the stack. Tne address of the code to be

executed uoon reachino the end of a file is also

initialized.

RDF: (ready random block). The same action is

taken as with HDB with the addition that the specific record

of the disk file is also taken from the too of the stack and

the file control block is set uo to conduct input/output

from or to tnat soecific recora.

EDR! (end of recora for read). At the end of a

read statement the remainder of the record is skipped.

EPA: (eno of record for write). At the eno of a

write statement the remainder of the record is fil)ea with

blanks and a line terminator is arpended to the end of the

record.

k. Subroutine Operators

PPO: (subroutine call). The two bytes of code

following the PPU operator reoresent the adoress of the

subroutine in the cooe area. This operator saves the return

address at the too of memorv, PoSitions the stack pointer at

the too of the first actual oArameter (see Ficure 10 for

parameter format) ano branches to the first statement in the

subroutine.



SAV: (save actual parameters). The SAV ooerator

expects the stack format illustrated in Figure 11. It

copies the actual parameters to the too of memory and checks

t He PCO f or a recursive call and it sm it cnpies the PCR

onto the too of the stack.

SV2: (cooy actual parameters into formal

parameters). The SV2 operator copies the actual parameters

at the too of memory into allocated area for the format

parameters on top of the Stack.

UN!S! (unsave parameters). The IINS ocerator

checks the PC6 to see if it is the eno of a recursive call.

If this is the case, INS restores the PC8 from the previous

call. UNS also rptujrns the value associated with the name

of the subroutine to the too of the stack. In the case of

procedures the returned valuie is ;Pero.

RTN: (r-turn). The OTN ocerator changes the

value of the prooram counter to the value of the re tujrn

address .



IV. CONCLUSIONS

This Project has resulted in the constructinn of a

high-level, block-structured, aoplications oriented comoiler

for micro-comouters with ?Ok hyfes of memory or more. 4hen

compared to a fully dynamic scheme, the stack storage

allocation and retrieval scheme oresentea here apoears to

enhance orogram execution speeds reduce mpmnry

requirements, ana simolity compiler imolementation.

Timino tests with several benchmark proorams nave been

conducted. These test oroarams were obtained from RFFr1l

ana have been run with several versions of the BASIC

proaramming languaoe. The results (expressed as execution

time in secnnis) are simmarized as follows:

BENCHMAPK NIIM9LP 1 2 3 4 9 0 7

ALGOL-Vi 1.8 1.3 3.5 A.3 5.1 11.2 lo.4

INTEGER 6ASTC 1.3 3.1 7.2 7.2 6.6 1P.9 P..U

STAMODARI BASIC 1.7 7.5 20.t 20.0 ?2.1 36.2 SI.6

Listings of the seven Dencnmark proorams are contained in

ArDenix A. The rpason ALrL - um aooears slower in th first

oenchmark is that the orammar reauires at least nne

executahle statement in 0PO loos when comoarej tn RASIC

whicn has FOR loons which car do nothinq. The rerultina

ALGOL-M orogram executes 1000 extra assionment statements

which the 645TC proorams lid not. Uthorwise, the results



clearly indicate that the ALGOL-M languace is not only

well-structureo but also executes rapialy in comparison with

the very best BASTC interoreters. It is believea that t he

major reason that tne ALGOL - M versions performed so well is

the fact that the lancuage suoports inteaer arithmetic as

oOposed to most RASIC implementations which convert all

constants ano variables to floating ooint format. This

allows ALGOL-M loop control counters to oe incrementel

extremely rapidly. Comparisons for decimal calculations

have not been done, and thus no conclusions can oe drawn

concernino relative sceeas of calculation-devenoent

proarams.



V. RECOMMENDATTONS

there are several areas that could be enhanced in this

implementation of ALGOL-M. Formatted I/0 although defined

in the orammar has not been implemented. The I/O definition

is very similar to that of COBOL and implementation of this

should not te too difficult. File T/n is implemented, hut

not tested. Debuogina facilities in the run-time monitor

are not currently imolementeH. However, the system is

designed to provide the followinq information at run-time:

the line numoer of tne currently executino line ara the

value of each variahle as it is altered.

The current version of ALrUL - M is designed to run on a

system with at least 2 0 k bytes of memory. A smaller system

could oe desionea to run on a 16k system. This woulid

involve deetinq some of the more complicated sections of

code such as dynamic arrays and recursive subroutines. The

other features of the lancuage which are not imvlempnteH are

relatively minor, and are indicated in the orogram

list i ngs.



APPENN'1 A - ENCHMAHK PR06PAMS

aenchmark Proaram 1

300 PRINT "START" BEGIN
4OU FOR K:1 TO 1000 INlTF.GFR AII,;

500 o4EXT K iNPITE ("START");
700 PRINT O~FN FOR K~zl STEP I TO l00'. UO

800 END A: =0;

END

benChmark Procram 2

300 PRINT "STAR~T" RErIN
400 K=Q INTEGER K;
500 K=K+1 WRTTE("STAPI ");

b00 IF K<1000 THEM 500 :O

700U PRINT "IE~r) WHTLE K < 000 U0

WRTTF("END");
FNn

t3.ncnmrrk Ppooram 3

300 PRIN.T "START" PEr1N
400 K:0 TNTE('EP A,K;

500 ~K.1~ 'IRTTE("STAPT"):
510 A=K/M*M+K-K =O
o0U IF K <100n THFN 500 V'HTLE K<1000 Un
700 PRIN'T "END" BFG~iN
bn END K:=K+1 ;

A:=K /K *K K-K

.NKT TE("END"l);
F N r



benchm~ark Prooram '4

300 PRINT "START" BEGIN

0OU K= INTEGER A,K;
500 K=M+1 4RTTE("ISTART") ;
510 A-K/2*3+L45 K: :0;

oOO IF K<l000 THEN 500f vjHTLE KCI00U DO
700O PPINT *ENn" BEGIN
800 ENV K:=:'K+1;

A::K /2*3+iJ-5;
END;

FND

bench-'ark Pr'ooram 5

300 PRINT"STAPT" P G I N
40v K=U TN'TEGEP A,K;

500 K:$.+1 PfROCEDUiRF D0KNuThT~,;
51U A:K/2*3+(4-t A:=()~;

520 GOSIU6 820 WFRITE("3TAPT"J;
o00 IF K<I00U THEN 9UO K=
700 PRINT "END" INHTLF K<1000 DO

800 ENID BFGTN
K: :K 1;

OUN OTbI N G;
ENID;
NRTTE("ENu") ;
E ND



tienchm"aPI Procram 6

300 PRINI"STAPT" 8FGIN
400 K= INTFGFR A,K,L;

410 DIM Mi(5) IRNTEGER ARRAY Mfl:51;

500 K=KeI; PROCEnUPE DONThOHING;

510 A=A/2*3+I4-5 REGIN

520 GOSU6 820 :O

53U FOR L-1 In FrEoD;

54J0 NEXT L oPITE(OSTART');

bOU IF K0000v THEN~ 500 IK:=0;

700U PRINT"EAID- WrHILE K<10U0 PO

600 END FEr. I P
K::K+1;

DONO T- PING;
FOR L1= STUP 1 uNTTL 5 DO

A: =0;
FND;

END

denChm'ark Procaram 7

300 PPINT "ST&RT" REGIN)
400 K=0 TNTEGEP A,K,L;

43U DIM4 M(5) TNTEGER ARRAY il1:5J;

500 K=K+1 Pi~nCED~IIE 00NOTHING;

510 A=K/2*3,i4-5 8FGTN

520 G05UB 820 :O

530 FOR L:1 TO 5 END;

535 A(L)=A qRITE('STAPT");
54UD NEX~T L :o

t) n IF K1j000 THEN c;0 WHILE K~1000 Dn

/00 PRINT"tND" PECINI
800 END K: :+I<

b20 HETURN! A: :K/P*3+J-9;
DONOTHI&!G;
FOR L:=l STEP 1 UNTTL 5 DO

MtLl :=A;

IAR TTE "END" );
END



APPENDIX 9 - COmPTLER EPROR MESSAGES

AS Function/Oroceaure on left hand side of assignment

statement.

6P Incorrect bound pair subtype (must be integer).

OF Disk error; no corrective action can be taken
in the oroqram.

DO Doubly declared identifier, label, variable etc.

IC Invalid soecial character.

I0 Subtypes incompatible (decimal values can not op

assigned to integer variabes).

10 Integer overflow.

IT Identifier is not declared as a simole variAble or

function.

NG No ALG file founa.

NI Subtyoe is not intecer.

NP No applicable Droduction exists.

NS Suotyce is not strino.

PC Unoeclared narameter.

iO Stack overflow.

ST Array suoscrirt is not of suotyne integer.

TD Subtype has to he integer or decimal.

pA Subtyoes do not match or are incomoatible.

TO Symbol tahl1 nvorflnw.

q Unoeclared qutscricrel variable.

U D Undeclared iopntifi-r.

UF Unoaclared file/funrtiOn.

U P  Unceclare n rccetura.
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IwoVar~c table overfin~w. Possibly caused oy too many

Ionia ioer'tifiers.



APPENCOLX C - TNTTEPPPLTEP FrkPCP vE5SAGE$,:

FIRPUP VESSAGFS

A 13 Array suLoscrict out of bounds.

A7 Attemot to allocate null decimal nr strinop
aefault tc) 10 diqits/Cha3raCterS.

LE LOisk file close error.

DC Disk file create arror.

OW Disk file orite error.

0)7 Division byzero, resuJlt SEt to I.'J.

E L Disk nd o f f i nn : c Ct in s ce c i fi

Integer overflow.

TI No0 TNT file fr-ura( or, dirertory.

u;V (verflow lur-irg djecimal multioly.

r E Attemot to read cast end1 of recordi on 01oCKPO file.

kU Attemot to random access a non-blocked file.

SL Significant digits lost jurina decimal store,
value set tn 1.0.

~,AItGmF5SACE9

IT Invalid Console Inout

IL Non-siqri'icaint digit lost lIuring ~jecimal store.

Sn CParacter-, lost ourined str-ia store.



APPENDIX D ALGnL-M LANGUAGE MANUAL

This section describes the various elements of the

ALuOL-M languace. The format of the element will be shown,

followed by a descrintion and examoles of use. The

following notation is used:

braces () indicate an optional entry.

A vertical bar ! indicates alternate choices, one of

which must aonear.

Elicses "..." indicate that the preceding item may

op optionally repeated.

Reserved woras are indicated by capital letters.

Reserved words and other special symbols must avpear as

ShOwn.

Items appearing in small letters are elements of the

lancuaqp which are defined and explained elsewhere in

the lannuage manual.
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arithmetic exoression

ELEMENr:

arithmetic exoreSsion

FORMAT:

1ntegertdecimal

vari ab I e

iM arithmetic exoression binary ooerator

arithmetic exoresslon

{C} unary orerator arithmetic expression I).

DESCRIPTION:

Operators in ALCOL-
m have an imolieei orececence which

is used to determin the manner in which operators and

operandA are arouoeH. A-R/C causes the result of R

divided by C to be subtracted from A. In this case 9

is considered to he "bound" to the "/" ooerator

inztead of the "-" onerator which causes the division

to he performed first. The implied nrecedence himds

operands to the adjacent operator of hionest

precedenco. Tnm imolied orpceoeoce of ooeratnrs is as

folows:
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unary t~

Parentheses can' boo used to override the implied

precedence in the same way as they are useo in

ordinary aloebra. Thus the excression (A-B)/C widll

cause B to he subtracted from A and the result divided

by C

EYAMPLE:

(X + Y) * (Z * ' + Y) *

X + 'r t L x * Y * Z 5 .'456 t
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ARRAY declaration

LLEMENT:

ARRAY declaration

FORMAT:

INTEGER:DECTMAL!STRTNC {(exoressicn)} ARRAY

identifier ... tound oair list f,identifier)

DESCRIPTION:

The array aeclaration dynamically allocates storage

for arrays. The optlnnal integer expression indicates

the lenoth of eac' Array e1ment. For strinas, the

maximum length is ?59 characters ard for aecimals the

maximum lenoth is 1A dioits. Integer lenoths are not

soecifiea since storace adeauate to recresent alT

integer values hetween -lo,3A4 ana +lo,Sq4 is

automatically allocAtpa. Arrays are not automatically

initialized to zero.

EXAMPLE:

INTEGFR APRaY x[0:5,u:51;

DECIMAL(V0) APRAY X,Yrf:6,5:1I0;

STRING ARPAY APIOPUSCY3:121;
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ass ignmpnt st atemen't

ELEMENT:

assignment statement

FORMAT:

variable := (variaole :)... expression

DESCRIPT ION:

The ,*xoression is evaluated ana storea into the

variable. The tyces of nermissible assionments are

inaicated by thp followina table:

exoress ion

integer decimal strina

it-cer yes no no

variable decim~l yes Yes no

strina nn no yes

Multinl- assionn'ents Are allowed with the expression

oeing assigned to all of the listea variables.

EY~AmPLL:

X := V 4 ;
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balanced statement

ELEMENr:

balanced statement

FORMAT:

ilabel definition), simple statement

(label definition} IF boolean expression THFIN calanced

statement ELSF 7alancpd statement

DESCRIPTION: "

If the hoolear eypression is true, the balanced

statement to tne left of the ELSE is executea. If the

Doolean exoression is false, the balanced statement to

the right of the ELSE is executeo.

EXAMPLE:

IF A < 9 THFN A : I 1 ELSE A = 2;

IF R = C THEN
HE 0 IN'

R := a +
END

ELSE
REG I N

NRITE(C);
C :: C + 1;

END;

PPUGRA,'-M1NG NOTF:

A semicolon is not allowed after the statpmpnt
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block

ELLMENT:

blOCK

F ORMA T:

BEGIN {declaration;) ... statement; ... ENU;

OFSCkrPTION:

The block is trip foundation of tne ALGOL-M languaae.

Each time a new block is enterea new variables may oe

aeclared. These variables are unioue in the sense

that a variable Y declared in two different blocks

represents two different variables. All storage

within a block is dynamiC and a1located when the block

is entered anc dc-allocated when the olock is

aeoarred. A block can be used any place a simole

statement can be used.

EXAMPLE:

PE GIN
X := 1;

Y 2;
ENn;

IF A = Y THEN
PEG VJ
Y : S;

Y := ;

ENn;

PPOGNAMMING NOTFE:
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4

Declarations mfay not apoear~ in case olocks. The final

ENDs whiCh matches the initial orogram REGIN, is mot

followed by a semicolon.



toolean expression

ELEMENT:

boolean expression

FORMAT:

NOT ooolean expression

ooolean expression nR onolean expression

boolean expression ANO boolean exoression

U) expression 2:->:>=!<=:<> expression {)}

UESCRTPTION:

Integer-integer, deci-al-inteoer, aecima)-aecimal,

integer-decimal, and strinq-strino" comoarisons are

allowed in ALGOL-M. For inteoer-decimal and decimal-

integer comparisons the inteaer value is converted to

a aecimal value prior to comoarison. [he result of a

comparison of numerical values is oasea on the size of

the numbers. The result of a comnarison of strina

values depends on a charcter-hy-character comparison

where the first instance of a non-enual character

establishes the ooolean result. rhe collitina

sequence of the AICTI character set is used for strino

comparisons. G.nerally, numbers are followed ov upper

case le~tprq which are followed by lower case letters.

EXAMPLE:

7 q



x Y OR Y < '

( Y Y' AND (Y =7 O'R Z 10)

IF NOT X I THEN *iyITE("HELLO");



bound pair 1ist

ELLMENT:

bound pair l1St

FORMAT:

[exoression : expressioni,expression exoression ...1

DESCRIPTION:

Expressions in tne hound pair list must be of tvpe

integpr and creater than or equal to zero. T here can

oe no more tnan 95 dimensions.

EXAMPLE:

[1 :7,O: ]

(3:6,x :v)

1v*3:z,l:l.21



CASFE statement

ELEMENT:

CASE statement

FORmAT:

CASE expression OF

statement;

FND;

DE6C:I PT I fl N:

The CASE statement allows the oroar~m-er to chose one

of several statements to he executed. The statement

chosen depends cn the value of the intecer exoression.

The first statement is txecutea if the eyoression

evaluates to 7ero. If the value of the expression is

greater tnian the numher of statementq in the case

tIlock, the resulting action is unoafinea.

EYAMPLE:

CASE Y + Y nF

q E G I N
wRITTF("CAbF 0");
WRIT ("CASE I");
E NP;



CLOSE statement

ELEMENT:

CLOSE statement

FORMAT:

CLOSE identifier fiaentifieri ...

DESCRIPTION:

This statement allows the Proorammep to explicitlv

close the file innicated. Closino a file results in

the file beino rewound (i.e., if it is reooeneo tnP

file heoins at tne first recora). Any number of files

may be open at any one time. All files are implic1 lv

closed at the ena of the program.

EYAmPLE:

CLOSE FILET, FILE2;

P3



cons tant

ELEMENT:

Const ant

FORMAT:

1 n tege r dec ma 1?st ri no

U ESCR~T PTI10r4:

A Constant mnay be eith~er an integer, aecimal, or

strin, constant. 1'nteqer constants are numbers with
no decimal noint ranainq from -1,,38Ll to *10,3A,.

Decimil Cnnstants are numbers w~ith a decim'al noirnt And

may not exceed 18 digits in lenath. String Constants

may be composed of Any comoination of alohanumeric ind

scecial charaters and may be up to 255 characters in

lenoth. Strincs entereo from thte console or disk may

te eith~er encloqed in nuotation marks or deljmitej

with blanks. btrincis used as constants in the orogram

must be enclosec in quotation marks.

EXAMPLE:

10

10 .5,76

"EXAMPLE ONE"



declar~at ion

ELLMENT:

declariat ion

DESCRIPT ION:

See FILE declara~tion, ARPAY declaration, simole

declaration, croceduro declaration, and function

decl arat ion.



express ion'

E.LEMEN~T:

express ion

FORMAT:

boolean ewrpressio,: ri thnet ic exression,

DESCRIPTION:

See apithnietic exorpssion and boolean expression.



FILE declaration

LEMENI:

FILE declaration

FORMAT:

FILE ioentifier ((expression)} f,ioentifier

(expression) ...

DESCRIPTION:

The identifiers used in the FTLE declaration are file

identifiers which reference actual file names. The

actual file names may be assioned at compile-time or

at run-time. The optional intecer expression

following the file identifier is usea to soecify the

record length in hytes for hlocked records.

EXAMPLE:

FILE TAPE1, TAF2(12b);

P7



FOR statement

ELEMENT:

FOR statement

FORMAT:

(label definitien) FOR assionment statement

(STEP expression) UNTTL expression DO simole statement

UESCRIPTiON:

Execution of all statements within the sim le

statement are reoeated until the inoexino variable is

greater than or eoual to the value of te I'NTIL

expression. The inHexing variabhI is incrementeu by

the amount specified in the STEP excression and must

be inceementoo by a nositive amount. The UNTIL and

STEP exoressions are evaluated on each loop. Tf the

optional STEP expression is omitted, a default value

of one is used.

EXAMPLE:

FOR I := I SIFP I UNTTL 10 DO
X Y;

FOR IINDEX := Y + Y IINTIL Y * Y DO
dFGTN
A := A + R;
AQ I TE A);
LAW ;



function call

ELEMENT:

function call

FONMAr:

itentifier {(excression (oexp,-ession) ...)

j DUESCR IPT ION:

Functions may acoear as Primary elements in arithmetic

or oooleaqn ~eressions. Parameter oassina is ov

value. Function's m~y be called recursively wit'l no

limit to th- nurioer 0f recursive calls allowed.

LX AMPLE:

x :~RAND;

C ::FUNC * ND(2);



function declaration

ELEMENT:

function declaration

FORMAT:

INTFGERDECIMALSTING PUN'CTInN identifier

{(identifier {,identi fier * o )}

(declaration; ... ) simple statement;

UE6CRIPTION:

A function declaration may or may nto incluae

parameters. if oarameters are included they must bp

declared before the simnle statement which represents

the body of the function. Parameters are oassed bv

value ana may be of type inteoer, aecimal, or string.

Functions return a value to the noint of call. The

value to be rpturnerl is assigned to the function name

(which is user as a simple variable within the

function) prior to the end of the tunction. Functions

may be called recursively with no limit set as to the

number of recursive calls which can be made. Variables

may be declAred witnin functions ano are considered

local to te #urction.

EXAMPLE:

INTEfFR FIINCTTUN VALUF(y);



r INTEGER X
RE.GIN
X := (Y 9) t(
VALUE : x;
END;



GOTO statement

ELEMENT:

GOTO statement

FORMAT:

laoel definition Go TO identifierinteger

laoel definition GOTO identifier;inteoer

DESCRIPTION:

Execution contirues at the statement labeled with the

identifier or inteqer 4ollowino the GOTU or GU TO

statement.

EVAMPLE:

NEXT: GO TO 100;

100: GOTO NEXT;

PPOGRAMrING NOTF:

GOTO statements can only be used to oranch within tne

current olocK or to an outer block.



iden~tif ier

ELEmENT:

iden~ti fier

FOHMAT:

letter I etter'onrumter)...

DFSCR IPT ION:

Iden'tifiers Deqiri with a letter ano are continuea with

any alohanumeric char'actars. Althouoh id4entifiers uo)

to 259 cnaracters -riay h~e used, only the first 31

characters are actually used to oistinguisn tne

identi fiers.

EYAMPLE:

A

NA *AE

COUNTER I



IF~ Statement

ELEmENJ :

IF statmpnt

UFSCRIPT ION:

See balanced statement or unbalanced Statement.

IL~



Iaoe) detinition

ELEMENT:

label definition

FORMAT:

identi fier]intenep

OESCR I PT i,0ij:

Label aefinitiors are nptjnn-il on all Oalanced or

uncalanced statements.

EXAMPLE:

100:



procedure call

ELEMENT:

procedure call

FORMAT:

identifier f(excression t,empression .,.))

UESCRIPTION:

Procedures can te called with or without Darameters.

Parameter oassino is by value. Proceoures can be

called recursivelv with no limit set as to the number

of recursive calls.

EXAMPLE:

COMPUTE;

COMPAPE("AAA", AOPU);

COUNICI, 2, 3);

o1*



procedure aeclaration

ELEMENT:

procedure declaration

FORMAT:

PROCEURE identifier ((identifier {,identifier) ...))

(declaration; ... ) simple statement

DESCRIPTION:

A procedure declaration may or may not include

parameters. if parameters are included tsey must be

declared before the simole statement which represents

the body of the procedure. Parameters are oassed by

value and may be of type intener, decimal or string.

Procedures do not return a value to the point of call.

Procedures can he called recursively. Proceoures are

considered secarate blocks within which local

variables may be declared.

EXAMPLE:

PRUCEDURE OUTPUT;
WRTTE ("HELLO");

PRUCEDURE COMPAPE(X,Y);
INTEGER X,Y;
BEGIN
WRITF("rHE LAR.GEST INIEGFR IS")
IF A > Y THEN

nPITE(x);
ELSE

oR ITE (Y)

END;

07



READ statement

ELEMENT:

READ statement

FORMAT:

READ (variable (,variable) *..) {OJENDFTLE block)

DESCRIPTION:

If the form of the PEAU statement is PEAU(, then the

input device is the console. Otherwise a file oction

must be specified and the input device is the disk. A

READ statement reads one or more variables at a time.

The ootional ONENDFILF s; indicates action to be

taken when the end of the specified file is reachea.

EXAMPLE:

READ(WUPDONE, X, VALUF2);

HEAD FILE3 (AORnUNE, Y, VALIIEP);

PQOGkAMMING NOTF:

The ONENDFILE section is curently not implementeD.

Q8



reserved word list

ELEMENT:

reserved word list

FORMAT:

letter (letter) ...

DESCRIPTION!

The following werds are reserved by ALGUL -M and may

not be used as identifiers:

AND ARPAY BEGTN CASE

CLOSE DECIMAL DO ELSE

END EATEPNAL FILE FUNCTION

GO GOTO IF TNrTTAL

INTEGER NOT OF ONENnFTLE

UP PlC PROCEDURE READ

STEP STRING TAB THEN

TO t.NTIL AHILE WRITE

v.-PITEON

Reserved words must be preceedeo and followed by

either a special cnaracter nr a svace. Soaces may not

be embedded oithin reserved woreis.

99



simiole statement

ELEMENT:

simc'le Stato'ment '

FORMAT :

bloCk!assignment statementfor statement"

case statementeclose statementaoto state-ent,

while statement~read statementlwrite statement:

Procedure callidentifier

UESCR YPT ION:

All AL6OL-,1 state"-ents are free form and must be

separated by semicolons.

100



simole declaration

ELEMENT:

simole declaration

FORMAT:

INTEGER:DECIMAL:STRTNG ((iaentifier!integer))

identifier (,ioentifier) ...

DESCRIPTION:

Simole inteaer variaoles may be any value bet.en

-lb3A4 And +16,384. Simole decimal variables can be

scecified as any length from one to IR diaits with a

default lenqth of 10 digits. Simple strinq variables

can oe scecified as any lenntth from ore to ?55

characters with a default lenath of 10 characters.

EXAMPLE:

INTEGER x;

DETALIS) Xpy;

STRING(33) WOPUONE, AonDwo, WOPDTHREF;

101



snecial characters

ELEMENT:

soecial characters

DESCRIPTION:

The following scecial characters are used by 4LGOL-M:

( ocen narenthesis

) close parenthesis

* asterisk

+ 'plus

- minus

* colon

; semicolon

< less-than

* greater-than

- enual

C CoIFa

[ ooen bracket

I close oracket

*- assignec equal

** exponentiation

z ppreentage

Any snecial character in the ASCII character set may

aopear in a strino. Soecial characters, other than

those listed abcve, will cause an error coroition if

used outside of a strina.

12



TAB expression

ELEMENT:

TAB expression

FORMAT:

FAd expression

OESCRIPTION:

TAB is optionally used in a 4RITE statement to causp

spacing on the output line. The amount of soacing is

scecifieo by the inteaer exrression following lAb.

EXAMPLL:

aPITE('NL'T NAME", TAR c, NgmFiT]);

1)3



unbalanced statement

ELEMENi:

unbalanced statement

FORMAT:

(label definition) TF boolean expression THFN statement

(label definition) IF boolean expression THEN balanced

statement ELSE unbalanced statement

UESCITPTION:

Unliko the balanced statement that will always have a

calanced statement on either side of the ELSE in an IF

THEN ELSE structure, -n unbalanced statement may not

even include the EL5E portion of the statement.

EXAMPLE:

IF S > Y TMEN vRITE(X);

IF X < Y THEN
IF Z > v THEN

.PiPTE(Z)

ELSE
NRITE(x);

PROGRAMmING NO F:

A semicOlon iq not allowed after the statement

immediately oreceding an FLE.

1 OdJ



v arii ab I e

ELEMENTI:

variablIe

FORMAT:

dentifier f((ound cair lis#-H

LESCRIPTION:

A variable in ALtOL-M~ may be simple or SubScripted and

of tyoe INPTEGFR, D)ECIMAL,, or STPING.

x

VALUE1 21

15



A~HILE statem~en~t

ELEMENT:

iVHILE statem~ent

FORMAT:

oHILE ,Doolean exoression OU simcle statement

LJESCtRIPT IOi:

, HILE statements continue executing the simo,1!

statem'ent followino the r)U for as long as the hoolean

expression is true.

EXAmPLE:

,HILE i > o unl
I := T - I;

eiHILE X > 5 AND Y <> A D)O

83E6TN
y ~V/3

AITEW~;
END;

lob



viRITE statemnrt

ELEMENT:

ARITL statemen't

FORMAT:
) (excressiorn tao exppessiOV':DiC de~initionstrinc,

{,exoession~tat, exoression!r'ic aefini tion~strimgl ..

OFSCN IPT ION:

Th~e vnRITE optien indicates t,-,: output will start

pintine, on~ a new line, whila the .JTdIFONA cpticon will

continue oritng on tn- sa're line. Tf th~e for", Of

the statement is -:TTF( or vjRTTFtDNC, the output aevice

is th~e console. nthelwise, 11 file ontion, must oe

soecifiec ana the outtut device is the disk.

EXAMPLE:T!~

PROGRAwVMING NOTE:

Th~e PTC definition is not currently imolerYentea.

107



APPENDTX E ALGOL-M LANGUAGF STRuCIURE

In the followino sections, the syntax of the lanouage

will be listed in BNF notation followed by the semantic

actions (offset with asterisks) associated with that

production. The descrtior will be given in terms of

comoiler aata structures and the ALGOL-M machine coae

generated. Items enclosed in brackets and separated by

slants are alternative semantic actions. N/A indicates no

action. This notation is similar to that useo in PEF 6 and

RFF 10.

I <oroqram> ::: <block> --
*<block>; xTT; teof inaicatorl

2 <block> ::= <Hlock head> <block end>
*<block head>; <block end>

3 <block head> ::= <block head> <declaration> ;
*<Olock head>; <declaration>

4 <beoin>
*<block>

5 <beain> ::= begin
*RLT

b <block end> ::= <block body> end

I <block body> ::= <statement>
*<statement>

8 <block body> ; <statement>
*<olock boov>; <statement>

9 <declaration> ::: <file deClapation>
*<file declaration'

10



1) <simpl~e declaration>
*<s imole declIarat ion>

11 : <simple declaration> <initial option>
"<simole declaratiom>; <initial oction>

12 <array declaration>
*<array declaration>

13 <array declaration> <initial option>it *<array declaration>,; (initial option>

14 (subprooram declaration>.
*<suborogra. declaration>

15 ( external declaration>
*(Not implementod)

th 'simole declaration> ::= (dfeclaration h~ead>
(joenti fier>

*<declaration head>; LIT 4identifier address)
* tALD/ALS/ No/A for i nteaersl

17 (initial option> ::= (initial head> <constant>)
*<initial mead>; <constant>

18 (initial hear> ::= initialIN / A

JQ <initial head> (Constant>,
*<injtial1 head>; (constant>

20 <declaration headl> :!= <declaration tyoe>
*<decl1arat ion top>

21 (declaration mead> (identifier>
21

*<declaration head>; LIT (irdemtifier audressk;
*(ALD/ALS/ N/A for intenersl

22 (declaration tvpp> ::= strina
*TMl fstrinc default sizel,;

23 string <size oot ion>
*<size? option>

24 inteaer
N/A

29 decimal
*TMI (decimal default size);

109



26 !decimal csize option>
*<size option>

27 <size notion> <: (variable>)
*LITLOAl Tvariable address);

2PC <integer>)
*< integer>

2q (staterent> ::= <wilanced statement>
*<bal anced statement>

30 !(unbalanced statement>
*<unibal anced statement>

31 <balanced statement> ::= (Simple statement>
* Si mol1e statement>

3?2 <if clause> <true oart> else
32 <bal arcea statement>

*<if clause>,; <true part>, (balancedl statement>

33 1 label aefinition>
33 <balanced statement>

*<labPl definition>; (balanced statement>

34J <unbalanced statement> ::= <if clause> <statement>
*<if clAuse>; <statement>

39 < if clause> <true rart>
39 else <unbalanced statpment)

*<if clause>.; <true part>; <unbDalanced statement>

.56 <label diefinition)
36 (unbalanceo statement>

*<laoel definition>; <un~balanced statement>

37 (true Dart> ::= <Oalancedl statement>
"<bAlanced statement>; 8RS {adaress of end of
*Current statement k

3A 'lacel definition> : O:'ientifier>
N/A

39 , inteaer>
N/A

4*0 'Simclm! statement> :;: 'boCk>
*<'block'.

1 10



41 'assiqinent statement>
*<assi gnment statement>

'42 < for statement>
*<for statement>

'43 <wnile statement>
*(whje statement>

4 LI <read statement>
*<read statempnt)

45 <write statement>
*<wri te statement>

'4b < case statement>
*<Case statement>

14 7 <ao to statement>
*<go to statement)-

48 <close statement>
*<close statement>

49 <orocedure call>
*<Pr.ocedure c.All>; PRfl;

50 : <iaentifjer>
*TM2 (subroutine aadress); PRO); POP;

51 <assignment statement> :!= 'left part> <exoression>
*<left cart>; "^xaression>; (SIT/SI!)

52 <left part>
52 <ass~ionment statement>

*<left nart>; 'assionment statement>

53 <left cart> ::= <variable> :
*<vari able>; (LTT/LTTLCOhDl

5L1 'expression> ::= <arithmetic expression>
*<arithmetic exoression>

55 1(0f expression> <excresslion>
N/A

58 'arithmetic exoression> ::= <term>
*<(term>

57 <arithmetic expression> +



57 <term>*<arithmetic exnression>; <term>; tADT/ADD)

58 : <arithmetic expression> -

*<arith-petic exoression>; <term>; 1$BT/StoJ

59 <arithmetic expresSion>
59~ : <term>

*<arithmetic exoression>; <term>; CAT;

bO - <teem>
*term> <term>

*<ter> <term>

b2 <term> ::= <orimarv>*<Primary>

<term> * <Primary>
*<term> <primary>; [MLT/MLD]

bI : <term> / <orimary>
*<term>; <orimary>; EDvT/Dvr)]

65 <Primary> ::= <primary element>
A<Pniary element>

b6 , <Primary> ** <nrimary element>*<Primary>; <orimarv mlement>; TXP

b7 <Primary element> ::= <variable>
*LITLnAD faddreqs of simple variablek/ N/A for
*suhscriotec variables/ Im2 {subrountine
*address in Code area); PPO

bp <constant>
*<constant>

t q <procedure call>
*<Protedure cal>

70 C <assignment statemen> )
*assignment statement>

71 <exoression> )
*<expressiom>

72 <CenStant> ::= <inteaer>
*TjT; Iconstant)

112



73[ <decimal>
*DEC; (constant)

74 : <strino>
*STP; (constant)

75 <variable> ::= <identifier>
N/A

76 <subscripted variable>
*<subsCrioted variable>

77 <file declaration> ::= <file head> <file name>
*fnot implementeol

78 <file heaa> ::= file
*(not implemented),

7q < (file heaa> <file name> ,

*fnot implemented)

80 <file name> <:: <strino> <length ontion>
*(not implementpd)

81 ! <strino>
*4not implemented)

82 <dentifier> <length Option>
*(not implemented)

8 t <identifier>
*fnot implementea)

84 <enoth otion> ::= I <identifier> I

*(not implementea)

89 ! f <integer> 1
*(not implemented)

86 <array aeclaration> ::: <array list>

86 4bound Pair list>
*<array list>; <oound pair list>;
*LIT (# of arravs(m)}; LIT (type of
*array);
*follooed bv:

(1) LTT iarray location
(2) m=m-1 if ",=O then halt else steo(l)

113
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87 <array list> ::< array head> <identifier>
*<array head>

88 <array head> : < (declaration tyoe> array
*<declaration type>

8q : <array head> <identifier>
*<array head>

9O <bound oair list> ::= <bound pair head>
90 <bound pair> J

*<bouna pair head>; <bound oair>

91 <bound pair head> : f
N/A

92 * <hounM Pair head> <hound Pair>
*<Dound pair head>; <bound oair>

93 <Dound oair> ::= <exoression> : <expression>
*<expression>; <expression>

94 <suoscrioted variable> ::= <subscript head>

94 <exoression> 1
*<subscriot head>; <expression>;
*LITLOAD <array adaress>; 608

95 <subscrint head> ::: <identifier> t
N/A

96 <subscript head> <expression>

*<subscript head>; <exoression>

97 <go to statement> ::= <qo to> <identifier>
*DC9 (4 of Hocks to decrement)/NOP;NOP

*followed ov RRS (branch aodress}

99 : <qo to> <integer>
*OCB T4 of blocks to decrement}/NOP;NOP
*followed by RHS (branch address)

9q <go to> : a ao to
N/A

100 aoto
N/A

101 <read statempnt> ::: <reaO head> <variaole> )
*<read heaa>; LTT/LTTLOAD laddress of variablpe)
*PDT/PCT; STD/SDD/SSD
*if console 1/0 then FCP

1114:



102 <read heao>:: read(
*PCN

103 read <file action)
*(not implem~ented)

104 ~ ! <read head> <variable>)
*<read head>; same as productionl101

109 <write statement> :: <write head> 'exoreSSion>)
*<Write h~ead>; <expression>; (6IC/.aDC/viSC/huTD
*Wun/Wd1Dj

106 < write head> 'tab expression>
*4not implemtented)

1u7 4write head> <pic definit ion)>
*.(not implemetmted}

108 (write nead> : write
*DMP

109 :write -cfile ortion>
*(not impleurenteO~

110 writeonC
N/A

lit writeon <file ootior)
*(not imple"~entedl

112 ( writp head> <expression>
*4write hoead> <expression>; (LTr/LITLOAUI

113 : <write head> 'tab expression>
*fnot imvplemented)

Ila : write head> (pic definition>,
*(not implerrefntpdl

115 (file ootion> <: idfentifier)

116 (identifier> crec option>

N/A

117 < string>

lie <strinn> 'rec option>
N/A

N/A

115



120 , <inteoer>
N/A

121 <ic definition> ::= <vic head> <pic list> )
*Inot implementedl

122 <Pic head> ::= pic <String>
*(not implementedl

123 pic Cidentifier>
*(not implemented)

12'1 <Pic list> ::= ( <exoression>
*(not implementedl

125 <oic list> , <expression>
*(not implemented)

12b <tab expression> ::= tab <exoression>
*(not implemented)

127 <if clause> ::= if <boolean exoression> then
*<boolean expression>; RSC (branch aodressk

128 <if exoression> ::= <if clause> <expression> else
*(not implemented)

12q <boolean expression> :: <boolean term>
*<boolean term>

130 <hoolean exoression> or
130 <boolean term>

*<boolean expression>; <boolean term>; PUR

131 <boolean term> ::: <boolean orimary>
*<boolean primary>

132 not <boolean orimary>
*<boolean Primarv>; NOTO

133 <boolean term> and
133 <boolean orimarv>

*<boolean term>; <boolean primary> ANPO

134 <boolean primary> ::= <logical expression>
*<logical expression>

135 ( <boolean expression>)
*<boolean expression>

136 <logical expression> ::= <Pxoression> <rplAtion>
136 <Axoression>

*<expression>; <expression>; tstrinn, integer,
*or decimal relational mperAtor

1 lb



137 <relation> :::
N/A

138 <
N/A

13Q •

N/A

140 <comp>

N/A

IJI <como> :: > < >

N/A

W / A

143 >

N/A

144 <while statement> ::< (while clause> <do statement>
*<while clause>; <do statement>; 9RS
*(branch location)

149 <while clause> ::= <while> <boolean expression>
*<boolean exoression>; 93C (branch address)

1'Lb (while> ::= while

N/A

147 <for statement> ::= <for clause ) <steo exoression>
1147 <until clause> <do statement>

*<for clause>; <steo exrression>; <until clause>;
*<do statement>; PRS Tbranch aodress)

'40 <for clause> ::= for <assianment statement>
*<assignment 9tatement>; RRS (branch address);
*LIT (counter variable); LITLOAD (counter variable)

14Q <stem exoression> ::= step <exoression>

*<expression>; AUT; SID; LITLOAD (counter variable)

150 <until clause> ::= <until non-term> <expression>
*<until non-term>; <expression>: LEO; bSC
*(branch aadress)

151 <until non-ter-> ::= until
*fi1l ionei; AOT; STD; LITLOAD (counter variahle)/

N/A if there is a sten exrression]

152 <o statament> ::= On <simole statement>
*<simple statement>
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153 <close statement> ::= close <identifier>
*fnat implemnted)

154: <close statement> , 'identifier)
*4not implemenCfted)

159 <subprogram' declaration> :!= <suhioroaram heading>
159 <simiple statem'ent>

*<Suborograr headirno); <simole statement~>; LIT
*(subroutine PRT address); UNS; HTN; LITISBP):
*LIT 0; S1b;

156 <subprogram' h~eadinn> <~ function heading>
*<functioni heacino>

157 <procedure headirno)
*<Procedure heading>

158 <function headina> :=<oaramless function>
*<Paramless function>

159 < funct ion & params>
*<functionrl arams>; SV2

10O <procedure heading> :~<pal-affress proc>
*<Paramless proc>

1b1 <proc K. oaran's>

*<ro & aran's>; SV2

1o2 (paramless function> <declaration tyoe>
162 function <identifier>;

*<decl1arat ion type>

lt3 <function R varams> <: function heaa>
1b3 <identifier>);

*<function heao>

16 <~ function R Varams>
16 b< declaration>

*<function caran's>; <declaration>

109 <function heAWd> ::= <declaration type) function
1 b5 <idlentifier)

*<Cecl arat ion typo>

1b6 : function head> <iaentifier>
*<function head>

to0 <Paramless Proc> :!= procedure <identifier>
*TM1 4parameter cour,0; I"I {local variable
*naramneter coffsetl; LIT {base of PLPi; SAy; BLI
*if this is a non-intCeCl- function then
*LITLOn flenoth of return valuecH
*LIT (PRT address of function); [ALrn/ALSj
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f!

le DPrOC i carams> <: p (procedure head> <iapntifiPr>
I 8 ) ;

*9procedure head>; same as oroducton 7bl

Ibq <Proc & carams> <declaration>
Iq

*<PrOC oaramS>; <declaration>

170 <procedure head> ::= procedure <iOpntifier> (

171 A <ProceHure mead> <icentifier> ,

172 <procedure call> ::= <call heading> <expression>

*<call heaoina>; <exvression>; TM2

*{adoress o f suhroutine in code area,; PRO

173 <call heacina> :: <iaentifier> (
N/A

174 <call heading> <expression>

*<exoression>

175 < declaration> :: <declaration tyoe> external

175 function <external list>

*tnot implementea

176 external orecedure

176 <external list>

*4not imolementeal

177 <external list> :t <identifier>

kfnot implementped

178 <external list> , <identifier>

*Inot implemented)

17q <case statement> ::= <case neadirg> <case hlnck>

*<Case headino>; <case blnck>;

*Ho n times(n=number of statements in case block)

BPS {address of case statement(n)l

160 <case heaoinn> ::= case <expression> o f

*<eworession; LTT {3l; MPI; 102

*faddress of end of case hlock); S6R; 6FA

Il <case blnck> ::= begin <case block boov> ; enu

N/A

1b2 <case hlock body> ::= <statement>

*<statement>; 8PS {ddresq nf eno of case olockl

183 <case block boov> ; <statement>

*same as croduction lFe
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ALGOL-N PROCRAM LISTINGS

100h: /*load point for -oenpll. rtx.

declare false litarally '0
true I It-al .I ' .
lit IltPral l/ 1 *t-rally'.
bdos lit '3h'. /' ,ntry point to disk operating s--tem */

staritbdoe address inltial(bh). .'rad.;r of ptr to top of .v ,
max based startblos nd i---_5s.

boot lit '0'. e ,xl' to r-nturn to opernting sys'tem x/
pa 'orkslze lit "4. .': stack sizes fo.r l'r'ser t/

itrees lIe i it ' 128'
del lit 'declare',
proc lit "prnceure'.
fileeof lit I'.
rfile lit '20'.
ilentaize I it '32'.
addr lit "address'.
forever lit 'while trite',
varcsize lit 'IOt.
IndexsIze lit 'address',
stiatesize lit 'address'.
maxoncount lit '25'.
rr lit '13',
If lit 'Oah'.

stri'ngdelim lit 22h',
quest ionmark lit '3fh'
tab ilt '@9h".
Cnlon lit '3ah'.
comment lit 0'.
conbuffatze lit '82'.
eolchar lit 'Odh'.
hashithbiize lit 64",
sourcerecslze lit "128'.
hashmask lit '63'.
contchr lit 'Seh'.
eoffiller lit ' lh',
pereent lit "25h'

declare maxrno literally '132.,/I max read count v/
maxlno literally '190'./ max look count *-1

mnrpno literally 'J9l',/-' max push count /
maxsno literally -3-3' ,. max state count */

starts literally '1*,/* start state =/
prodn literaly '183'..': number of productions 5"

se isl literally 'I' .. 'W semicolon -/
colons literally '13",/m colon °
d,,c literally '18' ./'t do 5/

eorc literally '24" .I. ea .f
Pndc literally '2' ./'ft end 5.'
string literally 4' '" string

1
'

d.clmal literally ' 2"..* decimal z
Integere literally 33' integer
procr literally 54' / , procedur- ,
Identifier lit '13'.TrldentIfer*/
t-rmn, literally '31':,- terminnl -n,,int

declare whIo addre'as lnltlal'1, "h1.

L,.tireptr byttI i I I i . ,,rio r r lIe) ,
bisffptr hytl Iit t In ( 2-15 1
errorcount aldr..wa € nitIn1 0.
Ihlnbnff( Cnbuff f Izc) byte',
1 lneptr byt InI t l:,l(0 .
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I Ieno addnro,.
passl I iIt lal true).
pfas2 byte- initlal'f:jle).
no tal f I le byte. in it 1-1 1 f als I .?

rfcbaddr azl r- , iii It ia I 1., 1
rfcb based :tb~bdlrt33) byte.
wf cb ( 33) bye ntial(O." *an OO@O

cursoItr'erecto ize 1.--, nit ial(.-olr-orecsize),
n look by:.'.

production hytc.
arrtloc 1 5) aS -'e.
arr nimln byte .
sublprn rSloc ad,lrn-,.
subSprot'OvnOntim byte.
arrSd tin byte.
d diskoutbutf( intrecs ize) h t-:

/* the following global varlabls are 's'd by 'he scanner -"

declare token byte. ' type of t,.ken ju-it scanned '
has hcnle byte. z has value .,f current token /

nextrirar byte. ciirrent chaacter from geteliar x/
RccuMi tdenti Ize) byte. /'9 hlo is current token -
e-)nt byte: T" i n-llcatez a v..in was full. atill more :/

*cW11wr VX * *z* ** *** *
symbol table global variables

declare base address. /x base of current entry X/
luish tab le (has ht b isi e ) address,
sbtbltohp add-ze),s. "tr-urnt top of symbol table*./

sbtbl addr sm.
ptr baled beap byte. /first byte of entry */

nptraddr add'-ss. -:utlllty variable to access table--/
addrptr based aptraddr address,
byteptr based eptraddr byte.

prlntname address. .'set prior to lookup or enter*/
s ymhau h byte.
prevblk~level( 12) byte,
preotindex byte inltlal(255).
Atepsflag byte.
blktcnt byte lnitlal(O).
blkIlevel byte initi l(l):

declare readi data(9,39. 12. 15,53,55.2.49,52.53,553.8.8,19.20,26,27.31

.34.35.39.40.42.43.48.5%.3.1. l.20.26.27.:11.34.35,39.40.42.43,48.53
.55.55.53.5..5. .33.1,3.2..3.9.20.28.49. 2.53.55.55.2.3.9.20.49
.52.5.3.55. 49.55. 2.3,.).49. 32.53.55.2.49.55.55.2.49. 55.2.2.2. 49.55
! 1. 14..54.51.55. 13.7.4.55.55.2.13. 1'42. 14. 14.2.8. 11.7. 1.7,l. Il1.2.8

.4.6.10.24.53.55. 16.7. l1 .' .1. II.1.7.11.7,4.551. 1..2 .,43

.39.40.42.43.48.3.,5.32.3.. 14,8.19.20.27.31.33.34.35.39,40.42,43.44
45.47. 48. 50. 53.54.55.4. I I. 1. 12. 15.21.7. 11.7, i1.4. 11. 1.7. 12. 15.32.7
.13.36..2.3.9.20.29.30.49..'1.5.3.55.8.B.8.2.2.2.25.39.49.52.53.1. l
,55.33.4t4.4§.47.50.54t.7.lI .55.?. 11.B. 1.41.55..38.50.51.46.22.37.7.22

19.27.31..34.3 ,39,40.42,4,q.48,53.7. 3.5.9.0);

declare look! ,!ata(0.12.l5.Ol5.0,2,.0.11.0,4,0,8,17,32.O.2.14.0.[4

.6. !0.0. 16.@. 16.0. 16,f.l. 1, ,I1.0,23 .0,2,0, 11,O, l .0,344.4,475

.,54.,. Ii.0,55,0.46.02l.4'qq-t. 4. 4"7. 0 .34 .0. 32 .0 .22.,0.,46.,0 . 32..I );

declare applyl lata(O.l. 1 .0.0,. .O. 131. 145.0.0. 149,0.0.0.0.44 14. 4.1s
.40. 39, 3 . , 143, 0. 17. 1,4'. .),0,27, 1i5),),.3.4.32.95,0,41,3.4.6,22.24

,33,3h. 3". 3 6. 4,9. . I1 17. 12 . i. .134. 1.16. 1:17.0.,. . , 10, 16 7. .0, 1 1, F1

.0.2f t. 12.0.3.4.3. . )5.27.12.37.40.93. 11.196. 101, 143, 150..0,0.0
,053.0. 0 , ,t.). .0. 0, I1,0, 1) 0, ¢t)O , 2. 16. i, 6 1 ,. 0. 0.0, 0, 14.,I11,.37, 40

.93, ftl, 143.0 .. 3. 79.0i.:t0.f0 .:Q 3 .; :33.0. .l.. 0.O0.2,'. .. 0.t:1, 0. .0
.0, it, i )t ,0 . . 0 , 1 .1 . I;. P).';. . 14.1. 130,00, 0 ,%)2.o 11 .0 .

declare ren,21234) 1dr.. it lf i i It
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(0. 195,331.3tM 54.t11.4.264,263.262, 160. io.353. 35a.--
.29. 196,32.36.290,38. 193. 41. 336. 42. 4h.53, 159.28.29,.371,32,36,290,38

.26 4.263.26)2.160.161.3,7.16.2Q.264.26'3.262.160.312.313,4.7.:6.29.264
.263.262, 160.292, 157, 162.3431.29. 157, 162., 2918,300. 157.26.-025.57
352.69.229.210.273.62.367.363. 228).283.3f;3.'285.285.360.357.279. 12.356

.291.294,217.150,163.269,2iJ.29,32.36.29'O.38.195.41.336,42.46,53.159

.37. 1t4281. 14.28.29.32.36i.2f,83.290.38. 195,41.336,42. 15, 156-2 14.46

.49.33. b. 159,280.282. 253. 134.327.370.29)5.302. 362.364.284.2,6. 153

.261.154.327.,318.261.24,39.4.7.16.29P.34.35.264,263.262.169.L93.359
,354.293.219.301,31.40,2-64.263.262.27.21.65.268. 155. 256.214.49.56

.297.304.66,296.303.15,. 141. 165.270.5.3 .5145'.30,317.325.3I11.28.32

dec larp 1.,)k2( 10 1) gaidresq I iti I I FtII, (0.2,2.328,23.r:29).43,2122,44.213.47,307,48,271.240.265
.240,18.59.39.265.60.265.tI1.30363.273.b4.277.67.206.68.68.265,240
.71.721.2-46.72,72.251..7.3.251.74,.74.247-.73.73,248,76.76,.249,80,252
.8l.253.82.254,88,257.92.2'.7.120.319.121.320.127.366,128,365.131,131
.131,1232,132.131.351.I39.2-38.2 10,142.144.202,145.145.145.14;.145.145
,349.227.219.147.3013. 149.2:)0.1252,122. 52.244):

declare apply2( 177) addrems Initial

.124.141,184,216.2231.198..373.3172,224.197-.222.187.223,219.223*.226,220

,171.167, 174. 175. 173.256 .2 i5.83.258.176.176,90.87,87,87,87.87.87.87
.176.89.87.87.87,257,199,91.177,272.270.183,99.98.276,137.1I'2.2f6
.134.237.78.234.96.2n35,i3.118,119.117,306.308.132.84.83.133,93.93
,..93.93.93,93,94.130,148.188,146,179178,323,322321,324.fl$,.330
.233.126.79.232.112.140,123. 136.337.334.183.204.150.346,347.348.186
,129.350.182.133,23'4,239.239.239.239,239.239,239.239.259.122.205.181
180.236. 123,369, 136):

declare indexl 4atm(O.1,2.39.70t.4.70.6,6,11.6,6.12.13.14.28.6.6 6,42,43
,45,70.46,70.47.6.238a.49.3.3#).0.60,59,.60.68,70,70.133.78.70.135,81.82
,85.85.86.437,90,9 1.12. 93,94.99.95,96.97.918,99,100, 103. 105, go,216,91

.122,122.123.125,126i.70.128.128.129131,132.134.13,7,70,05). 148.149
.150. £52 152. 172. 273. 176. 177, 179. 181. 183, 187, 188. 189. 199,191.201.292
.293,204.205.206. 207. 207,70,208.209,212.212. 213.213.2l4,70.215 .221
.223,70,224.70,79.226.2-27.228.229,230. 135.233,2l5.234.234.2' 6,233
.230,249.250,1,4,6.8.10,12.14,l8,21.23.25,27.2-9.31.35,38.41.44.47,50
.53,3.57,59,61.63.65.67,69,71.78,80,82.84,91.93,95.97,1I.2.4.4.5,6.7

,24,28,29.28.31,32,32,33,33.30,33,33.33.33.33,33,33,33,36.3bI.41.42
,42,60,60,60.60.60,60.61,61,61.67.67.70.T0.70.70.70,72,72,72.74.74
.90,91.91.92.92.92.92.93.93.95.96.97.97.98,99,99.100.101.102.102.103

29919.99,199. 112. 122. 114. 115, 215.116. 116. 117. 128. 126. 227. 127.130
.130.130.132,132.133.136.236,136.136,237.137,137-.138.139. 140,.141.242

declare In.Ix2dt(1....,,5.,51l1,4,.5221818

,. 11.290..16.82.. 0. 1 .1. , . 1.. 1,20.2.". 1.1 . 1.2.2' . 0.2,0.23

1..1. 2 .2.I.2.2.2. 1,.2. 1.2-.0 ,21.21,. 1.212. 1. . 1.2. 2.2.. . 1. 2..2
.2, 0. .8.8 0- 1. 1. . 92.. 1,22.4 2.:) 1 . :2. I, 1. 1, 1. 1. f1. 0. 0. 3,3 2.3,.,.
.2.32.2. . 2.. .fl2.l 2, 3.ft 2.3 11A2l,,,I1332



monl: procedure(f,a);,
,laclare f byte.
a address:
goto bdost

end inonli

.on2' procedure (r.a) bytet
declare f byte. a addrevv%
go to bdos;
end mon2;

montl procedu-e;
/*used to return to the qystemn*/
goto boot;

end maon3;

move: procedure (a.b.l);
/* moves from a to b for I bytes (I < 253) ~
decl-are (a,b) address,
(a based a. d based b~l) byte;
do while (1:=l - 1) <> 235.

end d~ ; bb + ; a =a+ 1:

edmove.

fill: proc (a.char~n):
/* mo ve c har t o a n t Imes a,

declare a addr.(ehar..dest based a) byte:
do while- (n .2n -t) (> 255;

dent = char;
a 2a +4 1:

ae
end fill;.

read: procedure:
declare toggle(3) byte-
toggle 2 ;
call monl(tO..toggie):

end read:

prIntchar: procedure(char);
dec lare char byte;
call mnf2.char)s

end Printcbart

print: procedure'.);
declare a address,
call monl(9.aJ:

end print:

d iskerr: proceduret
call prlnt(.'de S~
got* boot:

end diskerr:

opon~soureef ile: proceduro;
call mov*(.*@lWgrrcbnddr+9.3):
rfch(32) z £

if mon2tl5,rfebsdclr 25"1 theu
do:
r-all prlnt(.ne*
go to bont:
enud;

end open~mosree! I Ie:

/'r 'ln,s a f Ile 2/

Itf monZ( 10,. wf 4.b) =2575 ihPn



coil dlskerr;
end closelmnt~filet

setup~lnt~file: procedure:
/* metixpllnt~riles a new4 file X/

If noittile, then /*only fvike file if this toggle to off *
re t~rn:

call uvno*rb.wfrb.9):.
wfch( 32) nO:
call conl(19,.wfcb);
If mon2(22. .wfcb) 2 255 thenx

call d Iskerr t
end metup~int~fles

rewind~wource~filie proc:
/~cp.'m does not require auy

actiotn prior to reopenlitgr/
re turn:

end rewindmoeurce~fle-,

readSmourcelfile: proc bytp%
declare dent bytes
lf(di-nt:zmon2(rflle.rfcbad',,r)) Illeeof then
call diakerr;
return dcnt;

end readg-eouarceSf Ile:

writelnt~flle: procedure:
If nointfile then

re t ur~m:
call monl(26..diukoutbuff':
I f mon2t 21,. wfc b) < ) 0 t h.-is

call diukerr;
call nmonl(26,80h), /T regt dma address ~

end writeSinitflie:

crit: procedureg
call printcbar(cr);
call printcher(lf):

end crlf:

printdlec: proceduxre(wulue);
declare value address. I byrte, count byte:
declare declE4) address lnitlal(1000.100. J1,);
declare flag byte:
flag false:.
count 2 30hs
do 1 0 to 3:

do while value )z decti 1"
value 2value -ie~~

flag= truel
count I count +- 1;

e nds
If flag or (I)m 3) then

call priutchartcount.:
0.lse

call priatcharf' :

return:
end prinilec,

printftroetproe:
call print(.' prod 2 111);
call prlntdiec(productlin'
call erlfi

end printlprodi

pr intstokentproes
call print(.' token S)
call prlntSPe(tok~nP':

end p r In t I o keit
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declare .,bjeade byte.
Ifbuffptr:=buffptrel) > Intrecuize then m*write to disk:,

do:
call writeftnt~flie:
buffptr=O%

endt
diskoutbuffi buffptr)=objcole;.

end emit-,

clearil lnofbuff:procedure;
call (ill(.llnebuff.' '.conbaffelze);

end clear~llneSbuff;,

listilne: procedure( length):
declare (length. I) byte:
call prlnt~dec(lineno)&
call prInt~dec(prevGtnex-'-l):
call printlchar(' ');
do I 0 to length-,

call printchar(liInebidtf' 0);
end-
call crlf:

end lutlini.

/~the rollowing varlablci are used by the parser

declare listprod byte lrutial(false),
lowertoupper byte lnitinl(trhe),
llstsouarce byte lnitial(false).
debugin byte lnitial(false).
ltsttoken byte Initial(false).
errset byte Lnitla](false).
compiling byte,
codesize address, /* used to count size of cod,. or-Le*
prtet address itlal(Offfeh). /* used to count size of prt 2

/% variablew used during for loop code generation '

forcont byte In!,,lai(@)
randomf IlI byte,
fileio byte lnitlal(false):

/2 scanner proredtrves

getchar: procodure bytet
declare addeof data V'eor'. enicher.1f): /2 add to end If loft off 2

next~source~chsr:* procedure byte;
return soureebuff(sourceptr):,

end next~source~chsri

chpekfllp: procedure bytoes
do rorever:

If (gourceptr:serourceptr-*t)>:cursourcoercslze then
do:,

two nrcbp tr'0;
if roudgourcseOilefilepof then

return trixe:

lf(nextrhar~sn.t$-qn:'-r..Ohar)<),If th-n
retnrn false;

end-
ondl -h,,crkfileo

If chepckfile or (nexte'har = -ffiil'-rp then

ell move( ~Ii.C.hn2)
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sourceptr 01
no xteharx next Sao vrceSc har.

endl
linebufrdllneptr;:lineptr +. 1)nextehar: /Xontput line*/
if nftxtchar aeolchar 1hen

dot
I Iueno zIlneur. + It,
If luetuource then

call 1l9 I ine(Ilneptr 1):
lineptr 9 ;
call clearllnel-ifr:

end-,
If nextchar atab the~n

neitchar ' S

return nextehar:
end getchar;

getnoblank: procedure;
do while((getchar z or (nexteizar eoffiller));

e nd-.
end getnoblunk;

tltle procedure;
call print(.'algol-m verms 1.006):
call crlf;

end title:

pr intferrar proc;
call prlntdec(errorcount):
call printchar(' *);
cull print(.'error(s) dete-.te4-S');
call crlf;

end print~error;

error: proceduare(errcode);
declare errcode addresm.

I byte j
errorcounterrorcountl:I
call print(.'****S);
call prlnt~dec(llnenso);
cull print(.' error $'It
call printcher(' ')
call printchar(hlgh(errcodO);
call prlntchimr( low(erreodel);
call crlfi
call printiprod:
if token-eofc then

do:
call printlerror:
call mon3t

end:
end error:,

leiti.1lze6scanner: procedure:
declare count byte:
call openfsaourcetlle:
Illnno.linoptr 9 :
call cleurgline~bufft
sourceptr =1281
call getnoblank:

do while nextchara'5
call gptgno~blnnk:
Irfcaunt :-- (nextchor awli Sfh) 'a' <= 4 then

do case count;
If paqvi then~ llstsonrc' trite:
listprod ri-

debugln m trie;
Pnd, ,'X of n'p lg,r

call gotnohlanks



ead Initial ize~scanneri

/5 s*canner 5

@canner: procedures

put maccun: procodure:
ir not coat then

do:
accu.(uccum := acu + 1 nextehar:,
haphcode a(hoehcode + nextchar) and hashiunek:
It accum = 31 thon coalt 2true;

end.
end put inaccums

putandgfet: procedure:
cal~l puttnaccum;

call ffetuoblank;

putandchar: procedure;
call putinatcums
neitchar 2 gotchart

end putandehar;

numeric: procedure bytes
return(nexteher - *0*) <= 9;

end numerics

lowercase: procedure byte;
rpturn (nextehar > 2 61lh) and (nextchar <-' 7ah)i

end lowerfeaset

dectmalpt:proc bytes
re turn nex tchar=.'

end dectmmipti

convtoSupper~proc;
if lowercase and lowertoupper then

nextcharenextchar eud 5th:
end convtoluppers

letter: procedure byte;
call conawtoSxupper:
return ((nextchar - a3) <= 23) or lowercase;

end letter:

niphanum: procedure bytes
return numeric or letter or decimaipt;

end aiphanaml

opoG Inumer ic: procedures
do while numeric;

call putandchnri
Ond:

end spoolnum-ric:

a* tupfucxtcas I1 I rocedure:
if nextehar = 2 th-n

call getnoblin~k:
cont 2 alses

end setanpuet~callt

lookup- procedure byte%

declare maxrwing fit .9..

127



dealer* vncab dataf*,( ,.:dh,7h.') -
.: 5bh = , '* , : ' do', go'. 'if' 'of' ,'or' *to' ,'eof' . u'nd'.ond'.' for' , not,' plc'' "tab'. 'ease. 'else"* f'lie . 1090o "n.nd"

,'atop.the', 'rry. 'bifln,coe'nmntll whil write"

*'utrinug ,'deci
el ' ' 2initi al ,' integer' ,'wrteon"

'"comment' . "eiterna I.. •func t Ion'. 'procedure '): I
declare vnuw dta(O.I16.24.31.38.4

4
.
4
5.5,-54):

declare count data(O.14.7.6.6.5..4,I1,0)

declare par address. (field based ptr) (9) byte.
declare I bytes

compare: procedure byto:

declare I byte:

do while (fteld(l) accum(i :z I + )) and I <2 accum:

ends
return t 1 sccum:

end compare:

If accum > merrwIng then

return false;
ptr~vloc(accum)*.vocab;
do l=vnum(accum) to (vnum(accum)+count(accum))t

if compare then
do.

If 1250 then
token:cosuneft:

else

token i ;
return trite:

end:
ptraptruceumt

return false:
end lookups

/2 scanner main code

do forever:
accum. hashcode, token z 0:

do while nextcharmeolchar;
call getnoblank;
end:

lf(nertehar = stringdellm) or coat then

qIo; /* found string z/
token string;
cont * false;

do forever-,
do while retchar <> stringdellim:

call putinaccum:
If cont then return;
ends

call getnoblank:
If nextritmr <> strlngdellm then

re turni;
call putsinSeoeum;

end: /* of do fnrpv-r X/
ends /V of recognizlame a string K/

else If numeric or declenlpt thn

do: /* have digit 2/

token a intgxr-r:
do whllw noxfch'

. '
r : /*Pllm leading zero**,

n~xtchsr:e I. h.%r:

and;
call spoolnumer':
If deelmnipt th.,n



dot
tokenedeciml1
call putanichar;
call spoolnurvertr*
endo

if accunv6 thaon
hashcode, anc'amfccuum :2 1)

cell @etup~next~call3
return;

end-. /* of recocnizing numeric constant 2

*Ig* If latter then
do: '* have a letter *~

do while miphanum:
call putanichtar:
end;

If not lookup then

dttoken z ldentlfleri

call setnpidnext3eall;
re tun

end,
else /2 In a rw but if comment skip 2

If token z cotiveent then
do t

do while nextehar <>':
nextehar 2 getchar:
end:

call getfolblank;
end:

elIse
dot

call -I-tilupenextecall.,
return;

end;
end: /* of recognizing rw or Wdent 2

* Ige
dot /* special character c/

if nextchar a 25h then
do;

nestcharzge tehar:
do while nestchar (> 25h:

neitchar xge tchar:
ond:
call gotflnollblartk:

end:
elope

dot
If nexteher u4 then

do'
call putandehar:
it nextchar a 's' then
call putetigett

ond i
else

if nextchar 22then

do,
call putandcbnr:
It neatchetr -- *,,% then
call p:,tandgp..t

end,
else call pntandget:
It not lookup then

call orrorf' Ic' :
call twe tupinextf-a II:
re ' urn:I

end:
and:.' of recngnlzinx 5.,.t' ml char r.'

*-ad: ,' of doi forev-r
end scanner- /v #-nd of ~:'

L'



Procedures for syuth-sizer *

latitie! izefasth 1? proct
It puss then

do:.
7* fill hashtable with O's~

call (14.ahsl,,h~abbsz,)
wbtbl L mnemory.
enad:

/*Initialize poluter to top of symabol tmlhle*/
sbtbitop = max - 21

end lnitlalizeflayitbli

wetaddrptr:proe(oftset). .'*set ptr for addr refereuce*/
dec lare orraet byte:
aptra4dr 3 base + Vtr +. offet.:'tpowitoa for addr refer4-nc'.*/

end setaddrptro

wet~blkSlevel'proc( level):
declare level byte:
call metaddrptr(6)t
byteptr 2 levels

end set~bIh~level;

getbeashproc bytes
declare hash byte,

I bytes
hash 0,O
aptruddr = base +. 2:
do I to ptr:

hsah =(hash +. byteptr( 0.1 and hashmask:
ends
returns bash:

end gethash:

neltentry: prool
bee*: base +. Pt' #S

end noxtentryl

tln*proc:
aptratitr 2 bass +. It

end astllnks

hashtiloflaymhash'proc eddtreste.
return hashtabis(sysihash)

end bashtbl~of~symhowhi

11.1 ts:prnc(count)
/*cbeek to aee It additi~nnl obtbl will overflow limits of
memory. It so then punt else return */
dselare count byte: /Stslze being added Is count Xt/
If vbtbltop (s (obtbi +. count) then
do:

call error('to')i
call mon~i

ends
end limit.:

setaddr'proc( jocl
/wet the address fieldl snd r"Peolved b'tt*/'
decae lor addressi
call settuddrptr (4);
addrptr a lci

end &etaddri

lookuplcurrent:%lk:proc(chk~tblkc byte:
dec jar. -hALSbik byte.

Ien byte.
n bmst-4 printnitme byte':



bases hmvhtb I@a f So yuheh I
do while base <> 09:

call o.taddrptr(6).
if bytoptr (chk~lk th.-n

return talset
It byteptr chkSblk. t ha.n

dl
If (Ien~zptr) ai n hen
do white (ptr( len 4 2)1 ( e

If (lten :N Ion -1) x 0 then
return true:

end 1
4 nd;
call wetlinks

bae= addrptr;

end:

lookup:proc byte:
declare test~blk byte.

teot~index byte;
teotlndex 2 previndex+l:
teat~blk 2bIk~level;
do while (teetilindex :atextldex -1) <> 235,

If lookupfcarrentlblk( testSblk) then
return truet

teotlhlk aprevilbikllevei(*eatSindez)z
end:
return false-

end lookup;

enterprori
'*enter token reference by pr intuame and symnhash

Into nest available locet ion In the smbol table.
mot base to beginning of tbi-o entry and Increment
sbtbi. also check for Qyribol table full. ~

dec lare I byte.
n based printuamte byte:

call ItIlta(L:zue8)j
has. * *btbli /*base for it-w entry ~
cal move(prlntname + I.sbtbI 4- 3,(ptr := )):
call oetmddrptr(3):./*w.et r' ttolve bit to 0*-'
byteptr a01
call get link:
addrptr 2bsuhtbl~olSoymh9aeii;
hashtable(yuhash) abase:
call setlbikSlevel(bik~ievel):
obtbl a obtbl 4- It

end enter;

getleniproc byte, /return lenath of the p/n W/
return pt?:

end getleal

gttyp:Proc bytot /Mrotarns type of vartabler
call aePtaddrptr (3J):
return byteptri

Oka getypet

9etsubtype:jproc'stype):/*Pntor the foubtype In ibtbl:/
declare stypo byte:
call getaddrptr(7I:
byteptrSatypet

end votaubtype:

get~lparm: prof, Wt
call a. tad rptr(I0).
return bytertr;

ead Wetporm:I

getanbtyp.:proc byte: -rr.ti'rn * It^ t~it
call @Ptndl4rptr'-.):



return byteptr:
end getsubtypes
setype:proc (type)% /*set typifl1'ld: typel/

,declare type bytes
call setuddrptr (3)&
byteptr 2 type:

end setype:.

getaddr:proe address:
call setuddrptr(4)t
return addrptr:

end getaddr;

do; /* block for parser */

/* pneusmonleff for ALOL- machine */

declare nop lit 'W', tr lit 'I.. tnt lit '2'. xch lit .1'.
lod lit '4* deb lit '3'. dmp lit '6' xit lit
aid lI t 8' , in l t I )' aid lit '10', am lit 11'
adl lit '12', add lit 13' sbi lit '14', sbd lit '15',
mpi lit '16'. mpd lit '17'. dvi lit '18', dvd lit 9'

dneq lit '21'. neg lit '22'. ell lit '23', c12 lit '24'.
deel lit '23', pop lit '26'. Iml lit '27', lm2 lit '28'.

cat lit '31'' bli lit '32',
bro lit '34'. bee lit '.5' Iss lit '36', dies lit '37'
is l lit '38' . gtr lit '39'. dgtr lit '40, ogtr lIt '41',
e4I lit '42'. deqi lit '43', seql lit '44', neq lit '45'.

dn-'t lit '46'. vneq lit '47'. geq lit '48'. dgeq lit '40',
ageq lit "50". leq lit '51'. dleq lit '52', xleq lit 53
lnot lit '54', duot lit '55', snot lit '56', land lit '57*.
dand lit '.18'. sand lit '59', or lit '60', dor lit '6!'
gor lit '62', wic lit '63'. wde lit '64', wec lit '65'.
wid lit '66'. wdd lit '67'. mwd lit '68'. sbr lit '69'
bra lit '70', row lit '71', sub lit '72', rel lit '73',
red lit '74'. rev lit '73', rdi lit '76', rdd lIt 77"
rds lit '78', rem lit '79', err lit '80', all lit '61',
mdi lit '62', sai lit '83', aid lit '84', add lit '85'.
and lit '86'. opu lit '87', cis lit '88"' rdb lit 'B)'
rdf lit '90'. edr lit '91'. edw lit '92', pro lit '43'.
may lit '94'. sv2 lit '95'. uns lit '96', rtn lit '7'.'

declare state statesize.
statestack(patckslze) statesize,
bash(patacknlze) byte,
symioc(potcknize) address.
arloe(potacksize) address,
war(patackmize) byte,
type(patacksize) byte,
stypetstachsize) byte,
rre(varesizeJ byte,
vwriudex byte.
( op. p. Epp I. no look) byte,
one tack( maxoncount) byte.
clablng byte lnitlal(2).
club2 byte InitIil(2'3).
clable byte.
strslTze byte initial(IO).
decislze, byte lnitial(9),
13 bytp,

pvnum b y t P lnitlRI(O.
saoperm Ad .1 rrt a ,

parn baed snvepnrrnb' t-.
f peo li t b Vt o..

pnrmbae ,irvpa,.
proctype hy ..

(ptest.i) h t.).
pen t !".' nit lai
typo tp :y *

flig ? ouft
I p'!d)nt t



initial lze~syuthee ize 2procedttreb:
codemize.ontack.clable z0-.
prevladex 2 2531
blkfrut =0:
b I khev Ic n 20

end initial izpiayuthee ize;

synthesize: proci

/* **** -eyntheslze local 4ecl-Arations "-

declare sijuver lit 1011h11
misbvar lit '99'.
pro lit 19.11*
extiproc lit *031.
bltiingfnnc lit 103..
c o not lit 106'.
lab lit '07*.
Integer lit '08''
utr tit 11'.
file] lit 'Oeh'
fune lit 'Odih*,
parm lit 'l0h':.

declare (typesp~typemp.typeuipl) byte.
(h.temp) byte.
(a types V, 8typemp. 9type Ipl0 byte .
(hashop.hashmp.hashhpl) byte.
(symiocop.symlocmp, 91ymlocmpl) addr-gs,

mtr locup.or locmp) addressi

/2 t22I1222E2 code af-teration proc's *~~it2 2

copy: procedure:
typeop 2 type(op):
typempl 2 type(mpvl':
typomp = type(mp)l
stypeop - stype~op);
stypempl = stype(mppt);
stypenip a type-(nipf
0ymlocop = symloct SPIf
uymiloempt 2Synilocomppl):

xy.Ioemp 2 smmlc(mp):
hachnip = hash(mp).
hashmpi a hash(mppi):.
hashop = hash(wpl-
srlocsp 2 arloc(op).
arloctup srtoc(nip):

end copy;

metg'vmlovsqp: procedIure(s);
doclare a middremm:
OyMIuOC(sp) Z ;

end motsymioespi

setsyulocmp: procobdisrclaH
derlarp a addrpe:
*ymioc(iup) a:li

end metaymloenp:

settypomp: prnredure(b):
4eelare h byte:
typeb(mrp 1 2

Pnd mettypo"p:



not% typrep: procedure('b):
declare b byte-
stypo-(sp) =b

ead twetalypempt

etutiypmp: procedure(b):
declare b byte:.

end tsyep

set t vpemp * procedurp I b):
declare b byte:
type(mp) a b:

end Settypemp:

uethomhmp: procedure(b)
declare b byte:
liauh(mp))tb

6nd sethavvhmp;,

sethashmp: procedure(b)-
,ee tare b byte.
hash("p) zb

end sethashopi

meterlocap! procedura.-a):
declare- a addresst
srlort-sp) =at

end setsrlocspt
setorlocrp: proc (a):

declare a byte:
mrlort np)=s%

end setprloemp:

getarloc: proc byte-,
call seAtaddrptr(8):.
return addrptri

end getsrloct

genera te*.proc(objcode):
/*.-rleegenerated code and counts slz.e

of code area. */
declar^ objcode byte:
codemtzo codesize + 1:
it not peal then

call enilt(objcode):
end generatet

g~nlnt*1: proc(ak%
'lec lure a bytoe:
i-all Lgenerate(il):
call goenernte(a);

end wenSlat~v:

Incrlblk~lewel: proc:
prev~hlk~tlevel(prevlnd-x :x prevfindex4-1) 2 biklleel:
blklvel 2blk~cnt + 1
btk3~-at mblkgcnt~j,
call generate(bll):

end lncrO'lk$Ievpl:

4ecrlblklevel: proct
bik~l-vel prev*blkS[-v'I'-prev~lndex):
pre-fineo Prevl::di4-
roll gene:-ate(bld):

end decr~bIkl-lvolt

calcsvere: prov.-rhreb ::l~rne.
doe.lasr- b byte:
r-tiirf virlb) + .vurc--

end calrSvare:



setlookup: procodutr"(a);
4oclarp. a oyte:
printitame a ka le~vmrc( a)

en cetlo~kupz

fooku&P*S)My: gpr'7-pdarrtfil by'e:;
declare a 1byte;.

If to,~pcretbllbhPv1 then
r eturn true:

bas(%Sf lag = true;
return false;

end lookiip~only:

full*look-sp:pro42a) byte: I
d~cinra a byte:.
calIl se tlookup(s):
If lookup then

retitrn trite:
return fal-q'p:

end fillIS luokiap-;

noriwtI~lookup: procedure(a) hyl':
deelr- a 1'Yte;

I-f I~kpS-)nly(a) then

ro turn true:
Call enter:
retiirn fals-1

e'nd noirmilSlookup;

countprt~proc addreuu:
.tcrounts the size of the prt ~

return I prtct *= p,-t'!t 2:
end countprt:

gentwo~pr.-c'a)-
"I writ,-. tw~o byte., of object code on disk for literals .

declare n address:
call generate(hlgh(a));
cull generate( low( a))-,

end Xeutwo;

literal:prncial a
declare a addi-ess:
call gent'Qoon or800:

end literal:

me tename : proc z
pr lntiton c lab lug:
qYnhash~c lab le and hashmnik:

end me tcnaac%

oantcr*comp ile r6lab. Iprockbt
declare b bytet
It ptcisa then

4 do:

c.all enter-,

end enter~coirt) lerSiRahe 1:

dermr- x bytet
-lablo 'a r~able 4 It

If pn-.02 tile"

coarpl or'labe1 : Pror-



call qen~two3(getaddr):
end eompler~labol:

-metSen to r. proct a):
declare (a.b) byte-.

- rc labl-Pa;
call en*trgeompllerglabollk:
c lab le~b:,

end qetSent#-r:

branch~c laiase proc(a):
declare a byte:.
call generate(ufl
call compilerilabel:
call oet typenp(c table)-.

end brane h~c lanme i

processageelabel: proc(a)t
declar- (a,b,x) byte:
b~c lab le;

call g-nerate(bre):
call mi-tcnames
if p9.mq 2 then

X= look~upi
Call gonStwo(getaddrll:
c lable~bt

end procetasScas-$ lobelI.

camegstate: proc:
call proceps~caseWlmbel(typtnip-2)):

c lab lexclab le+I:
call enterScompilerflabelf%':

end nase9-ttate:

lltloadproc(a)
declare a address;
call gentwo(a or @OO)

end Ittloadi

step6gen: proc:
call generate( adl)0
call generste(sld);
call euter~compllergllbqe:01:
call llt losd(sldent)

end stepSgen:

chktypl: proc(a)i /* check np.op to see If they are both de.?imal *

declare a byte; /* both int-ger, one or each, or nlether ~
if (stypernp~lnt) and (mitypeeapzlnt) then

call generate(s):
else

If (stypernp~dec) and -*t-,-"sp~dec) then
call generate(ea0l): '* generate decimal operator

e I e
it (qtypemp~der) aw'l 4La1Ypeep=1nt) then

,,vlI gener~ite~~ I~ conver t I itteger to doi~ ml /
ca Il genera to k i- I

end;

I f ( atypcmp In t, qu~' (t ypcepl...I t hen

Cal I K"nert'.all'
cma I I -R- ne t '

ir t ypevir,' flau., r' pana2 t lip n



call error( 'rit'
5

;

end ChktYPls

chktyp2: proc byte;
If stype'ap <) utypeetp thenf

-lot
call error( 'mn':
return false-.

end;
return trues

end ohktyp2.

chktyp3i proc bytet
call sets typemp(mtypmsp ?
If 19typeop~lnt)1 or ;yei~e)then

return true;
call error ('mf');
return false;

end chktyp3;

chktyp5: proc bytet
if (stypenp)str) or fstyD.- p<K'tr) then

return raise-,
els e

return trues
end chktyp~i

chktyp6l proc;
if pmss2 then
do;
If Oitypemplnt) and Iot-,pesp~dec) then

call error('id'):
if (typemp(>@Imvar) and (t3jpemp(>9ubvar) and (typemp'fll-el ) then

dot
If (typemp<>tunc) or (n~ot fflag) then

entcall error('am');

declare (i.subtype) bytez
genSaccuu proc;
it PKss2 then

do 121 to accumi
call emlt(accum( I)):

end:
end arenfaccumi
call generate(usubtype):
call se ttypemp( cons t) i
call wetstypewp(suhtype~l
if mubtype=lnt then
dol

If accua)8 then
call error(l'i):

call twenfaccumi
If pass2 then
call emit(O)i

codoe zecodem ize+2:
enad:

do torev-rs
If subtypeuatr thon

do I 1 to ac-usn:
ca I I nern 1- neii-m( I

ends

do:
co I I mn~ocrurn:

end
Pf -'ont thpq



dot
if subtype=-4ec then

call gentwo'o):
e Ile
codamze =codeslne + 2:

call gener-ahe(0);
re turn'.

end:
end-

end geneon;

process6.tore: proc(a)i
declare a byte:
if chktyp5 then

call generste(a+2).

call chktyl(s);
end procese~store;

genStoc: proc(n.b):
declare a byte.

b addreami
If a mint then

eall llteral(b:*
elge

rall lltlomd(b .
end gen~loci

getefleld: proc:
gen~reod: proc(s)t

declare a byte;
if stypempizint then
do:

ca ll genera te(a):
call menerate(sldl:

end:.

if stypemplmdoe th~n
dot

call genera t'a 1* 1)
call genera te (mf4d W

end;

dot
call generate(a'2).
call generate'-.id)s

andi
end gen~read:

call gen~loc(st~emPl..-'Y-i)cnipl);,
If file to then

call gentread(rdi);

call gen~read(rcl);
end getfil d:

pat~fleld: proe(s)i
declare a byte;
if filelo then

if Stypemplelut then
do:

if typemplzipubvar t!:-n
call generatellod):
call generatefn':

end:
elISo

if stypempI~dec then
call g, nerate(n+l):

eI

-al 11 enerate(aC2):
end puttfild,

-~~ ~ ~ W-6" ONMM 9



dcaea byte&
call gottypemp(a);
if pvos2 then

dot
call setwrlocnp(9rloemp~zgetsrloc)1
call e;etlTypemP(g"1vubtype);
psrmbssezbaxeeptr+ I I

-ad;
end proresmpro;!

prooessfdentproc(a) byte-,
derlaro a byte;
if full~lookup(a) the!n

return g-etype;
else

if pass2 then
do;
call orror('ud'):
return falset

e nd;I
else

returnu tune:,
end preeeuss6ldent:

proceassarray'proC(s)i
declarve (a.b) byte;
ir ((b:=procesxSidentfa)) subvar) and ps2 then

dot
if b<>O then
calerror(Iu*):

end;
else

do;
cull setstypemp(getenhtVrpe):
call sets-,aop(symlt.'rpi>:getaddr):
cal I et typemp(subvar)

end;t
end procesesarray:

procesSdefltedclproc(l.b.C):
dcl(a.b.c) byte-.
pvnuuzwvuin* I I
if not norms 1l lookunp( a) th-n

do;
call setype(b);
call metaddr(cotintprt):
call setsuhtypefc)t

end;
else

it papal then

If gey~pr then
do;

call setype(b)-,
call metsubtype(rl:
ptestzptpst-l:

end:
else
call error(*dd');

end proceeigidentfidcl:

pr~cesmv* prou;
call gen~lntlv( peount)
rall qeu~lnI~v((pvnum+31*2)-.
call llt~r*%l(xymlormpJ:Icall generato~sav).
call Itenernte(bil):
if procStypeafianr thoni

'. .

If n1pm l lt tlv



dot
call It tload( sy'uloemp+4) :
call literal ymom)
ir qtypr-mp~de, theu

call gen..rate ild):

end. enrt,. ~l
end end:
edproc6g.Iv,

checkiparm: proc a)t
dIeclar, a byte.

1, addross.
If putee2 then'

bume~parmbaaep
Ifa ' eta';btypo th..na
call Prror. *Pmn):

Perfvn~bp.=bas.e+ptIr+[):

end;
call g-vi-rmte4 litl):
call g-nernte(a)!

end chock nusm-,

proclpro: pror;
call geewrate( 1=2)
call genStwo(srioenp):
COIL getierate( pro):

end proc*prot

ProceseSProcS.lcl: proc(a.b,-'1
declAre (a.b~e) byte:,
call VrocemmSldpntSdc1(-i.b.(-):
pvnumn. pco un t = 0
call -*etsymlocmp(yhiocrtp~: eiaddr);,
if pined then

prte tzprtc t+4:
If (procltype:=b) =funr then
dot

call llteral(gYmlocrrp+4I :
call gonerate(xch);,
call generate(sid):

end:
call branchcIane (br'
If pasal then
do;

call astviddrptr(S81
addrptrxcodes ize;
abtblasbtbl.3;
uaveparmgsbtb I-I:

end;%
call lacr~btk~level;

end procesm~prnt-Ode I;

proceallvart proef a):
declarae (a~b) byte:
it (h:pro,ewSdentai) qlmvar then

do-,

call ovettypemp(Silmvi.arl.
call

end;

cl rocestespoe-f z;f.

Ifl) 0hen

ra l rror('11)'';
end procoeva9va.:

1 40'



declare (amb) byte;
call proceaidentgdcl(a.isimvar,stypemp);
If fftyp""np<>lat then
do:

call llteral(getaddr):
if utypempadec then

edcall generate(b):

and proceua6plmnvar~dc I:

proceuseflab. I proc;
If pa.. I then

if tullelooklup(mp) thAn
call error('dd')g

else
dot

cull enter;
call setaddr(co;z1=)g,
call me type( lab):
call setlblk*Ievol'blk~level):,

end i
ends

end proceseSOlabelt:

revo lve~label :prec:
declare (clkSblk.tindex) byte:
If pass 2 then

do;
If ((not fullflookup~spl) or (getype <) lab)) then

call error('ul*,:
call setaddrptr(6)t
chk~blkzbyteptr:
Inmdex: prev Index;

if biLkSleveI<)cftkSblk then
do.

do while prevblkilavel(tindex) > clzk~blkg
t index:t Index-I:,

end;
cal I genera te(deb):
call generate'previndez+l-tlndpx);,

end;
else

call gen~two(nop):.
ends

elIse
call genStwo(nop):,

cal I Fener te( brqa)
call gen~two(getaddr);

end resolveSl'Abels

procome~erray~sdcI: proc(a):
declare at bytes
call procea.*ldent~dcl(n.auhwnr,.typemp)i
srr*loc( arr~num)T~gc addr:
arr~numaarr~uw+ I;

end prorpmmSarraylidc I;

declare a byte:
If proceo.Uiicint(a) then: ' not lmplarnente4i~-
alse call error('uf):

end cleme~ile:

asgnentmt: Proc:
call ehktyp6t
if (Ipcoaint!%pcount-l)('( t thpn /* t~f, imltlple ammign -Nfmtm *

catl procecaSrOr-.(ellW:
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call proceestore(sd):
endt 88estrnetattv

/* execution of syntheslze begins here -- /

It listprod then
call printforodI

ceall copy$
do ese production: /S call to systhesize handles one prod "/

/*case 0 not used */ i

/2 I ,program> :: (blcck'

if pslt then
dot

passl raise:
ir errorcount > 0 then
do:

call print~error;
call mon3:

end:
call rewlnd~gourceSfile;
call gentwo(codesize+i); /* plus one to Include the zit 2/
call gentwo(countprt):

end:
* Ise

do:
call printgerror:
call generate(xit):
call generate t7h):
call wrlte~intOfile:
call cloweSlntSf Ile:
call mon3s

end:

/2 2 (block) ':= (block head) <block end) a/

3 <block head> : := 'block head> <declaration) /

/2 4 I (begin) /
I

/ 5 <begin) :2 begin 2/

call IncrOblk~level;

/2 6 (block end) ::2 <block body> : end 2/

call decr~blkSlevel;

/2 7 <block body> ::- extatement> 2/

/2 8 I <block body> I <statement> 2/

/lt q <declsrstion' <: filo der-.laration> /

/t Itt :qimnple declaratIon> 2/

/2e III ,simple dpeclaration> 2,'
/2 Ii Initial opt iLn>

/2 12 <rnrrny deelnratlon) 2/

/2 13 1 ,arry doclarnf lon ( InitIaI op!ion) 2/

/Z 14 ! ,robprogram ,loelarntlon) 2."

/2 13 1 'xtpf'rnaI doc farnl ion> 2/

I It A2



/2 16 (simple declaration) ::a (declaration head>
/2 16 < Ident if ler;/

cell proceussxmvardcl(sp.,i'i):
17 (InItial option> ::= 'initial bead> <constant> ) 2/

/2 18 (initial he.ad> initial ( 2/

/2 19 1 ( Initial henad <constant) , ,

20 <declaration head. :: declaration type) Z/

/2 21 I <declarition head) <identifier) Z/
/2 21

call process~aImvargdcI(mppI .ai,1:

/2 22 <declaration type) ::= string 2/

dot
call setstypesp(.etr);
call gen9intSv(.w;r~size)%

end;
/2 23 1 string <-ize option> X/

do.
call setstypempttr):

end;
/2 24 I integer

call setstypesp( Jut);
/2 25 I decimal

dot
call setstypesp(dec):
call genSintiv(declsIze):

end:
/2t 26 I decimal (size option> 2/

ca I setstypemp(dec)"
/2 27 'size option> ::= ( <variable> ) 2/

If stypempl Int then
call litload(sylulocmpl)•

else
call error("si');

/2 26 I ( <Integer) X/
dot

call mova(calcvarc(mppl),.accum.7):
call gencon(Int):

end:
/2 29 <statement> : ( : balanced statement> 2/

/a 30 I <unbalanced statement) 2/

/2 31 <balanced statement) ::= (simple statement) 2/

/2 32 1 <if clause> <true part> else 2/

/2 32 <balanced statement> 2/

call setgenter(typempl):
/2 33 I <label definition) /
/2 33 (balanced statement> 2/

/2 34 <unbalanced mtatonont) := < If clause) <statement'
call setlonterftyp.rnp):

/ 35 1 (if -louse> <true part. ,/
/2 33 elso (unbalanced stnter-nt> 2.

call I etlenter( typarpl)

/2 36 I lnbel definition> 2/
/a 36 <unbalanced statement' x/

/2 37 <true part, ::= "bJl tae'det:t,- .nt;
do:

call branch-co;aac'~r.
call aetS@nt-rI 1ye . t,-l)

end.
/2 .18 "label definitin : Hinti .. r' :.'

7"il pnc~ii.l.?n~ ~ i n or,-~g~t.. 1
/2 ." i r ( in ,,w.": :. I

ca ll proc-es91al..I:

.... I1i3



2 40 'PIMPle Wtutpmen t'? : ( block> Z

/2 41 1 <9Pslgnmw-nt -ttatement> 2

/2 42 1 (for stal.ement> 2

'2 43 ( while stntement> 2

/2 44 1 (read statement>O

/2 43 1 (write itat~tyvant> 2

/2 46 1 <case stntement>2-

47. ( go to qtatenhent>

/2 48 1 CIO@,- statemeOnt>O

/2 49 1 (procedure Call> 2

call generate(pop)h
50 1 <Identifier>

dot
if ( (process$ Ident( sp) <, pro) and paas2) the -n

call rror('nf*);
call proces.Qproc( pro):
call proc~pro:
call generate(pop):

end;
/2 51 <assignment statemeut> (left part> (exprespsinuI 2

eall Rsgrignfotmt:.
/2 32 (left part, 2

'assignment statemont)O
call assigngstmt:

X 53 (left part) ;Voriable?>X
do,

if typemp(>sixbvar then
call gen9loc(stypenmI).symIncirp).

Lpcount! lpcount* I:
end:

54 <expression) : 'arithtmetic expression>

/2 55 if rzpressiozu (expression> '

/2 56 <arithmsetic expr etio> ::= <term) 2

/ 3 7 1 <qrithmetic expression'~
/2 57 -~~')2

call chktypif ad1):
/W U5 I nrithmnetic ezpreavion - 2

/2 58 trn .

call rhktypi(sbi):
/2 9 1 <arithmetic exprel-rn'.i .

/2 59 -t~>2

If chkt7ypS then
call generate(rat):

60- en
if chktypS then

call generate(ncwY:

If chktyp3 then /* un act ion roquired 2
/2 62 <term> : pr I itry? 2

/2 63I < term,' pr itttry' t

Cs cal #hktyplI( tp l) : -pinr>2

cal I hktrp I( 4v I)
631  'prlboar7> :: pr i"'nrv #- eni n t '

6- f, ~ I,- rV * 'p r 1iy r-" p>'rY y emen t) >
fall chktypll ixcp.

/2 67 <primary Pl.',nmnt :z nri.,i .'



I f typeap(> ovilyvr then

68 ecmll procopro: I'osat

69SI eproned'ure call>)2

/2 70 1( < ass Igntnelt Q totemen t>

call gt y~p.stpm:T prp
/2 71 cl zr~in

Col fftatypeMp(Rat )-yP^Mp H.
call gottypep( tpamIPII4

end.

/2 72 ?constant) :=<in~teger,
cauIl gencov(lInt) s

/X 73 1<l.Inl
call gencon(doe).

/ T 4 I (ewtrIfw> 2

call Soncon(strfl
/2 73 <variable) :* idpntifier> 2

call procespSvnr( ep);

/2 76 1 (smvibsrlpt'-d variable, ,

/2 77 file declarationl' (: file heaid) <file ame>

/2 78 <file head) file

/ 92<7f I I" head> <(f ile name> 2

/7. an e fIle nowe') :qtring> <length option> 2

/%2 al I'trI ) 2/

82 2 1i Ildentifier> < length option)

call proceesident~deltmUptil.9)l

/W 3!1 1 : !-ent irier>
call processgideftdelfsP.171eil).

/2 4 <(lenerth opt ion) ( .=*<Identifier> S

If proce..9ldrutimpzflPnt then.

esaI getieon( Int )
/2 86 <array declaration) <array list) <bound pair l1st> 2

dot
call gongint~v(arild ia):

call genllntSv(arrflhl~i
eal I ent lntgv( tvpoIp)
call geaorstp(row):
do while (arrintsmn: arr~umi)>

2 5 5;

call Itteral(ary-Sloc(arrflim)1
end%

end.
87 (arroy list)- 'T ,array heed) (identirler> 2

call procoseforray4
1 c I(sp)l

/2 88 (array head) ::= declaratiofl type> array ,

arrnumix0:
/2 9 1 <array head) id4entlflier) 2

call procsswSarra
4 I' 1 ( pp I):

/A <0 bound pair flat) :'z (bound pnir head> <bround poly-) 8l 2

arrid Iwa:rrgd wlm+I

91 <bound pair head' ?:a,

arr~d lsill:

/2 92 1(bound pair heasd> <bound rnir/

arr~d Imiarrid mm+ 1
93 <bound pair,,:: <etpreiwslon) <expression) a

It (9typefap(;in) )r 1Fwtyp*AwI<>I"
t 1 then

call error(*bP')

/2 94 (subscrlptoed vnrinle) : (Lmubscritpt head" a

/2 94 Aepe~of)l42

If stypompf''t then

r alorll ~~



end:
93 "subscript head, ::= <identifier> X/

call prncessuarrayo nixp/ 96 1 aubserlpt head' <expresel,n.; *11
If stypempl <> in, then

calI err ,,,-( ' l ) ,
" 9 97 'go to statement <go to. ld',ntlfier

cal reeoIveStab, I./2 98 ( go to) " tznte~er> )
call resolveS l Ib- ( :

'2 9L 'go to> ::= go t.. 2/

rx !0%0 I Soto

"W 101 (ruoad gtatemont : <read head, <variable> )
do;

call getef ie ld;
If fileto then
do-,

f Ieo= faI-e
e al I

elIse
el l generato( Acr,

end;
/2 102 'road head> rend (

call generate(rcit)"
/2 103 I re.d < f ile option,

/2 194 I read head> <varlable> ,
call getlfle Id:

/2 105 <wr Ite statement: (write head> <expressIon' )
call putIf le Id(wic) :

/2 106 < (write head> "-tab expresq ion' ) a/

/2 107 1 <write head> <pic defin i,-n;- ) a

/2z 198 <write head> ::= write ( 7.'
call generateldmpl:

/ 19 1 write <file option(

/*. Ie I writeon (

/Z Il I writeon <file option> ( a.'

/2 112 I ' write head> (exprlssion>
call put~f ield(wlec :

/2 113 "r te head) ft-ib expreseion>

/2 114 I '. -te head) <pie definition> .

12 I < (file option) ::< identifier> .
If procesuldentse , - filel then;

2 I& l, iientiler) <ree option> 2.
If procelulidentmp, = filel thn:

else call errorf 'f'):/2 li? ' ,e tr Ing> a,

/2 lIt I <string> <rer option> a.,

/ 119 <rec option> ::= . I t l tiftlpr'
If ((procesestldntt,', t imvar) and (getnbtype Itt)) then:

else call error ';l';
/2 120 .1 integer"

call gencon( Int):
/2 121 'plc definitio pie het ' lpi, llst) I

/T 122 <plc heaed t r I t l) .,

/2 123 pi. ',lntIfir
It 'proreq Il.'n , imvnr i!,.i ,t.nbtype - tr then:

s e I I Prrnr -



/2 124 <pie list) :! i xiprsseloW?2

,w 123 1 (pie list) (lfrCill

/2 126 <tab expressiofl :: tab <evprees~ol'

/X 12? <if clause) : If ooanexpressionl) then

call bursnchc levts
4 bve

/2 128 <if expression" 'if (clause> expressionl> else 2

/2 129 'boolea expressioC' :: bool-al term)

/2 130 1 (boo Ipan ey-pressiofl> 'rr2

Ils 13<bool[ortn l.'rnt 2

rall chktypl(bor)t
/ 1 31 (boolean term> ':= oo lean prru.ary-,

/2 132 1 not (boo leatt prininry>

if cbktyp3 thou
callI generate(notol:

133133 boo lean term> and 2

/ L 33 boolean primsry' 2

call chktypl(afldo);

/2 134 (bootean prlmary> <logical exprP-ecl-on) 2

12 WT. < boolean epression> )2

call setetypemp(taypepa~l)S

/2 136 <logical expresion)':: <expresslotl' <relatonl>

/2 136 < expreqs ion)

If (stypeup~stri and (stypespstr) then

call geaerate( tvpemPV+
2 );

else
es 1l chktypl( typemlp1)

/2 137 (relation) -2

call ssettypesp(eqlL.
/2 138 1< 

.

ca II se ttypesp( lns):

/M 139 1 
2

call settvpeop(gtr):
/2 140 < comp) 

2

/ 141 (caMP> :~<>2
call se ttypeip(ne q):

/ 142 1 < S/

call 04sttyrenip(leeifl
/2 143 1 

2/=

ca IIs et typemp( gel);
/2 144 (while statoeint :: <while elause> 'do statement,

dot
call generste(brs)fl
call genots'o(Oynl.CiD);
callI se t~enter( t ypemp):I

end:
/2 145 <while clause)' - <while) <boo'lean expresslon> 2

call branch~c lauset bar':

/2 146 %~While> ::= While 
2

call metayinlocanp( codes ze) I
/2 147 (for statemen~t> : <for clause, <step expresslon>

/2 1474 <Untll claiuse> <do statemeflt> 2

dot
rall genernte(br-):
C.all ge no two WvsymI n Irp'
cal seto e~yp~l)

endt
/2 148 ( for c lanse' :: for nsinment atetment)r.

do&
If (typeep( U s tvnr or ( qtyr^Fp()int) then

call errort'n i'
call genervate(!rs :
cal comp I lafsl1 -.11-

rol I ternhqm.'p
Cml I li I ln-lsiR I-,:~,~lm

47



/E 149 In tep oxpresQ tonV' 4 tep < Pxr?,Q8 inll n>

do;
If a type-p'I mt tN-n

call erro'r( '-il
a tep~f lag= trite:
call Emtepogeli;

end.
'~1.50 'untrl claiose> ::n :nt II non--.ru> (expression>

do:
cail generate(leq):
callI brench~elitteplbse);

end:
/* 131 ut il non-term> lint il5

If not stepsf lag then
,lo;

call genfintlv(P :
cal I Rte pigoeit

end-,

a tepf lag: fale
/V 152 <do sta temenat> := 4C qimple % ta tement) 5

call c loqegf 1le(.Qp-'
5 134 1 ',ctoqe statpmnO <identif'er) ~

call close~flefsp);
S 155 <subprogrami declaratlon) 'si:bprngram heading) 5

1 5.1% <simple statement, 5

do:
eall I I term IC symlocmnp)
e-all ge n*rate (uns):
eall goenera te( rtn);
call docr~bIkSlevel;
tcall set~enter(typenip':
('all 1 1ter* l(symiornip2);
('a1l gens I tsv( 01

calgenerate(sirI):
pvnum. prount=Ot
Ff,.1a;g felse

S 156 <asubprogrivmt head Ing:> (Fiz t Io n head Ing)
rftlag~ true:

's 137 Iproce-lure headinag)

"~158 <function hondinie, <paraml.-qs function> 5

'5 159 'fanction .1 parame) 5

do%
call gemerate(av2)i;

if ptest<)O and paisi then
call error(*pl*';

end;
'2 160 <procedure heading' p~aramls proc>

calgenerate(sv2) Vre nnn'

If ftpt(t<) an'l pr-1-~il then call vrror('pd')-,
:1 end:,

/5 162 ,~pnramlems tiinc ir'n) : <Je lnra t ion type>f ttic I I n

'~ 16 Ideatl flpr'

/M 16~3 funo t Ion 3~ par-. '. f itn, t i n lie ndi. < I de n t i F I *x ~
do.

c alIl proc rq 1 1(1n t t',II lnppI .- 4 rv.(H
rara^ p t on t = pe o wi t Ti' lI ~II

A I I jIIeM sA

/V 164 f'a.- 1,1 vt ' ' I~pi I io > o I



/W 163 i'lpntIf ler' 2

1R 6f f'zict Iion 1 eaAl , iden tif Ler'
do

call proceas*dontS.lclI(rupp I. pr.0(
pcount~pcotiflt+ I:

end I
/St I67 :paramless pro.,- P:rroep-lur' Identfltier> 2

do:;
call proceseSprocS.I ( r pl I.proc.
call proc~eav;

1 617 (proc 3 parnm) '=Procedure 1.ad> <idenitlfler 2

call proceas$ HentSde I( mpp I part. 0);
parme .ptes t (pe.omi I PCwnnt+l)I
call proc~sav:

end;
/2 169 proc 8i parnms> <declarat ion, 2

12 70 <Procedure head' procednre, ldentifler> C2
call procemalproeS.ll'.rppl~pro.01:

,~171 I proeedura head' < ldentifik :>
do :

pcount~pcoult+l:
call proceaslgd-nt~d.l'nipp1.pnrmOP.

end:
/2 172 (procedure call> *: cnll heeslii:g (Axpresslon',1T

do:,
pcoUnt~pcoUnt+ 1:
call checkparm(Atypempl):
call proc~pro:
If fpcount< Pc-irut snd Pan"e2 ;ii-n

call errnr('p.4:I
ends

/2 173 (call heading' ::= tdentirier)
do;
it a(:poeaietm;fi~f nd (b<>prn tl .n

calIl error(*ip')
call proceasspro' b);
fpcount~ge tparm:
pcount~ot

end;
/2 174 <'7al1 beadltxg <expression> 2

dot
pcoan t~pcoan t+ I
call checkparm( 9typ-mp 1)

p nd:-
/2 17.5 (external dec larq tioi :: (deeclarnti!on type> ext-~na I

/W 173 func tion I(externalII iq I<

/2 176 1 external procedure '

1 7#1 <exte~rnal lat) 2

/V 177 <external list) ld4entil-r,

/2 170 external ltqt) <i(d-ntifjer

/2 14 <cnwe statenent' .,asp hpvading> 'kcaae blork 2.

dq:
lo0 12 to n:

call poee'a-lecel-l
end:
call set~enterftyper.;p-

end:I
12 14 1-nme hendlin> ' <c (pr--.n' of 2

call errorr*ni':
,nil gp~n4lntSvk 3) t
,nll q-tiertenpi):
cul I -a tg ornpl 1,.i .,,
callI-I et Iypenip( ,1l.I.



eall genera tet -21%
c all genltwn( getadr 4

:
call girflerflte' sbr):
call euerntetbrn':
,! lab1A e lab ie !I
callenrsonpiiSihi0)

/W 181 <case block> be=amql <case block body) end 2

e2 IZ (as e blIoc(7k hot-, a st a tee' rw 11
Call casegestete:

i 11 13 'as9e bhl"R boly : (t a t me tot) 2

C.al IIC asesta te:
e nd: - '(f ea!' -4ta tome zt'--/

end synithesize:

noconfliet: proc reatat.. by:--:
dleclare cstite state-iz-. I1 r? ladessizo :

k= j ndex2(cstate' - 1
do I1 j to k:;

I r eqajiti) =to ken t;ien re turn true:

return false-
end noconflIict:%

reeovwer: pro), "tatesize:
de,! lace tptp byt-,. re int- i-iz7e:.

dio fo re ver: tsp Rp:
do k)chile tsp ks 5-
Ifr noconilc t(rs Y :tgt ak t.sp) then

4': . / sIa to will r~al tokeni
If up () tsgp the'i qpZ tsp-
return rstate:
end:;

tsp ts p - It

call scannor;
t- ad:;

end recove-

/2 trnm~rrtsI a kIr parser rout ines *g -2 2

do: ./Wblock (or declaratienet
dec lare (lI.j.k) lnd-zei7'.- index b~yte:

I n ItI alI ze:* procedurn:
01al t It le:

c iIi lnlItlnllreSiit11

niI i t aIIai Sn

We t InlI proceilira vI d
r- tniri Ide

end ge-t I n!

W tIit! p-, l1ure 1.
r 1 3jr- I iiJ x2 ~

10id t- t i.



incipp procedure;
if fup := p * 2 1-ngh(statestaek) then

-n!1 error(s&o''
end lne.sp:.

look2!head peoepdure
if no look theni

c-ill mcanneri
no look

ifi st tokeu th,-11
call prlit) 1 .11
e n

e nd lookaheaQd:

declare I byte:

vsrc I vnrIuidex)=-
If(var index vrfl~l > lengthivere) then

call error('v~o')
ond setgvarcgl;

/S 'Initialize for Inpit - oiatput operatioum V./

call move' .rfcb..wfcb.9): '.. ut filename In write feb !P/

call setupsinteFi'ev.: - reat- an output rile for code gen-e-ntead

call Initialize-

do forever:
do while passi or ps2

/*p2 itip'iz varlablop'x

vacd, all nep 0;tsa~(p~9f

do while : compilkaiead
If~ stae~zsr( the lx2 rIstt

do 1=1 fcn .1
If r-ndP ilztoken then -' save token ~

do:, vur' sp) =var Index;
/J: 7^py aecutuiitflr to proppr poulti",' /

(10 Ili"K 0 to acollm:.
,,,41 qetS%,arcSi(aco~um( Index)).

endi
hash(.-,1 :Iiashcode;

* -iv rplative tnblp location *

eta' 1:~2 I).
no Io'r' tiue

do:
,-, I I ( - r np-

If(%tnt-,z:- v.-ovpr~
1

' th-n '"p n~n1

e TO

end: Fv

if "t~qte->mfi~tpn" then" 1rpl)y pr-hvi'*'In mtate #

In t

t indi2 tI I

orn I tI 4t on



jv atat es tack( ir))
djo while '~~pil ) )0 and j k;

end .

v nd I else
!f sta te( maxino th-r '* lookahen-I a tste

do;-
i~getinl. ealI i"-kahead:.

do while Ik-lo~k1(it) a)~ nd token < k;

end;-
9 tn tez look2( I)
PadI e Ise

/* push satate ~
do; call inc~p:

end;t /* of while nmrptlLng *

end; /Z:of while pasol or j~2e
listsource a false;
listprod falsp;
Ilittoken false:
call Iitialize.

pass2 true;
end; 'g"ot do foreversl/

end i /* of block for pars-r r
end i /*of block for declarati.;uq:,'

*. r



190h: /vlond point for Interp prograwm2/

declare 'global literalie*/
lit literRlly 'litorally.,
true lit I1.,
false lIIt ',
forever I It :while true'.
cr IIt O'dh 1.
if lit 's '

declare /sop codes for algol-ni machine Instructions*/
deci lit 5
str lit ''
Itit lit 2'.
dcb lit '5.
breq I It '34'.
b-4 - I It '35'.
Imi l it '27'.

I M2 li1t '28'

declare '*Interface points f':r 'p'm and int -rp*,/
bdos lit '05h'.
boo t I It 'Oil'.
d I-.kbuff too I It 'a80W.
fc b to I It '5ch'.
-*ii~kbuffend lit 10'
bd ns bag In address ln It IaI ( 6 h).
maxE based bI o sbe g In a-re,
buff address aIittal(diskbuff-nd).
char based buff byte.
fil-naute addresqs in] t i I(feb Inc).
tnp based filename byte;

declare *~builcl variables-*/
prtbas- addrems,
prtsaddr addregs.
prt~entry based prt~addr addres-t.
eo'I-baxp address.
co'ieptr address,
starkbame address,
curchor byte.
swit':h byte initiai(falgpl.
b~darieg byte.
b based codeptr byto.

abased codleptr address.
templ address.
ti based tempi byto-,.
temnp2 addresm.
t2 eaa(I temp2 byt'-;

/* dec larat ions fr interpr.-tmr EK/

declare contz lit 'a'
q~uote lit *2'
what lit '3

declare oichar IIt Oh
Pofilller lit tah'.
Intrecsize l it '128'.
I lwkr-rs ize lit 128',
s4tringieliin lit '22h'.
conbiif fm17e lit '8n.'
ronso Ie lit 0
irstne I lit '8 Etnck q Izo t lteq ./
rtax9blkleve I Iit M

Ile" t iv lCit

declare ra -
rb



ebooed re byte.
twebyteoprand based I! a-Idsrents

s b addrese.
at address,
bra based va byte .
ara based ra a'1.ress.
orb based rb addre-.
brb based 1- 1 by te.
m~pr addreset
m',4 addreP.i:

declare Inputbuffer byte imit'al(conbuffsize?.
buirfusace(conbrirrsilze) byte.
inpitttindez byte.
.nnbufrfptr address.
onSchor based "unbuiffptr byt'.
lnputptr address.
lnput~char based I npitt ptr !:,te.
num~road byte .
printbufflength lit 171'.
printbufferloc lit 'ROW,.
tabposl lit '142'.
tabpos2 lit '5'
tabpos3 lit 1 .
tabpos4 lit I E4W
printbaaffer address initila(printbil~fe rloc).
printpon based printbuffer hye.
printbuffend lit 'OC7h1'
rereadaddr address.
Inputtype byte.
fleldflength byte,
s i sn byte-.

declare fileaddr address,
rieb based fleaddr byr'.
rc badd based fileaddr a,!!; v.
e o fad dr address.
but terSend address.
rocor,(Spointer address,
buffer address.
ne xt d Ia§c har based record~point-r iyte.
regS1-ngth lit 128'.
blocksize address.
blkglevel byte Initial(235'.
orrortflag byte Init iaI(fal:.
b I M a x~b IkS I vdl1 address.
bytev~written address.
f Ire t f IeId byte .
eofra address.
Pofrb addreqs:

declare (rO.rt.r2) (11) byte,
.lqnO~slgnl~s lgn2) byte.
(declptO~decptl.decfpt2) byte.
ctr address.
nosif t byte,
base addresm.
bibyte based bane byte.
bladdr boned base address.
hold address.
ha~bytp based holdl byte,
imladdr based h--Idt address.
ptrOenn addremm.
ptrstwo nddroqs.
p~one base-d ptrSnne byte .
pl t we based p t r$tw.) b yt P.
m t arktI()p Rddrssq.
rLetfvddr hased stackt~sp addro-..s
"'b~ptr n ..

,o imt er byte.
no v- 0-n t addr"-A4



too tV Iue address.
tadi address.
ta42 address.
tad3 address,
r~ptr byte,

overflow byte.
Signiffino byte,
O.Sf IaL byte,
Sef log byte.
zer.,4reautlt byte;

/Wcp/m interface routitnes*/

moni - pro'-edure( fune t ton. parne ter)
declare function byte.

parameter addregs;
Coto bdoo:

end mnah

mon2:procedure(function~pn!5,ter) byte:
declare function byte.

parameter address-
Coto bd'u:-

-nd ,non2.

;aon3: proepdurs;
Coto hoot;

end nmon3:.

printchsr~procedure(cbar):
declare char bytei
call monl42.char):

end priutchar;

prlat:prncPdure(baffer);
declare baffer address;
cell maol(9.buffer):

end print;

cr1?! procedure;
call prlntehsr(cr),
call printchar(lf)

end crir:

/* proc.-durep for build 5

openflatlf ile'proceduret
fnp(9' a
tnp( 1Q)2

fnp(ill) 2n

if aonZ(I.filoname) 253 then
dot

call prlnt(.'nl $'):
call crlf;
eall o3

end;
end openfint~flle:

readglatlfileproceduro byte;

retuern mn'f 20. r lennr- I
end resaf Int*f Il#-

/Sgplobal Prn.Iuroe-x/

Ifibuff b,;fr41) ' IILnfntthen
do;

buftf dI.-kbitfflor:



If red*int~f11' ' 0 then

c bar 2 fht
end-

en d Ii c bntf 
i

to~c har i c: proceduret
b a charl
codeptr =codeptr~lt

end gto~charlnc3

next6c har:proced tre byt,:
call lucbuf:.
return ciarchar :v chnri

end nexte-har;

getitwollbytes procedtire:,
b(t) =neztschar;
b 2 aext~char;

end get~twofbytest

inclcodeptrltwo :proceduret
,!odeptr =codeptr + I + 1;

end inegeo~leptr-Stwo.

ge tparm:proceduire addr,!ea;
return shl(double(nertchatr1.

8 ) + nextehar:

end getparm:

packlidecimal:Procedute( loclone-iocltwo)?
declare switch byte.

loc~one addr~,,
loeStwo address:

pack: procedure:
if (switch != not switch) then

petwo =shl(pSone-30h.41; /. odd *

els~e
do%

p~two =pStwo or (pllnne-10h): /* e'Jen
ptr~two z ptr~two + 1;

en4:
end packs

vitroueo locto nes
ptr6two l ocgtwoi
switch 2false:

tempt1 Pfretwo;

ptrStwo =ptr~two +' It
temp2 2 ptrftwoi
Petwo 20
ptr~two = ptr~twm + It
do while plone <> O:

ir (p~on- >2 W') and (Pllove <2 '9) then
dot

call packi
ti = ti + 1t

eitadt

I( Pone t li i
t2 s tI: / ,'t ft offi-'t to decpt ,

dot
errv-9ag trite;
r* turns

end:
If ((Ptrfnne :2 ptrl~nne+it ' .iiskbuafreriV and hidtflaor rb-:?

do; 1

If r-e'Iiflntg 1 1.- then

p~oine(2) -ri
r-turnt



endi
end:i

If switch then
dot

ti i t +. It
1ti-two a ptr~two + I-

*nd:.
t2 =tj - t21 /* right offret t o deePt 'xl

ti tL .' 2;

ptretwo ptretiao + 1;
pstwo * positive; /* thii- i!.Il timed fnr dec mign t

end packilde.lisil;

/* proc.-dures for lntprp x,

readchnr proredure byte:
return mon2(I.0I:

end read.-her:

reedI procedu:re ( a);
declare a addreast
call ,onI( 10.a)t

end rpoad:

openpror'edure, byte:

edreturn snon2(l6itlIeaddr)-

c lose: procedure byte;
return mon2(I6.fIlenddr';

end clon.-i

d lekremd :proroedure byte:
return monV202.rilea-1-r):

end dleakroadt

dluk'wrlt.:proce-dure byte:
return mon2(2l.fI1^nddr)1 :

end dlakeuite;

msake:proredtire bytei
return mon2(22,fllenddr1:

end maske:

delete: proredure:

c alIl mn ( 19.tlIleeddr'
end dele te:

met24mm proredure:
Call mnn(26.huffr:

end satdtma:

select~procedurq(drlvo-):
deoclare drive byto:
call soat( 14.drlve::

end feleet..

meqek; procedisr- ' loca t ion'1%,, ir. -4
doclors- l.,cit Ion adjy-vqq.

I bossed 104-2 t n Ir q
return I an-I )brfthi

end .mok:

declar* selitv addree.:
Itraithietz' volue'. - '

retiorn rs %itlvte:
e-nd r her kJi:,i 11 1rn:



chipckSint: Proe-dur(tack Im.-'Mse
declare stackgloc a~r"
If n rlhg~t~iS~'2'then

return true;
else return false;

end, check~int;

check~temp:prooeidure(tack':", byte:
declare stackSloc adtdr-a'.:

If (rot (Igh(*tackloc' iiY mzid
(rol(hIgh(stackJl*c,.2)) then
return tripe;

elee rotnun falset
end check.Stempt

se ttupin.;: procedure;
if not cheekSint~sgn(ari ihen

ara =are or 4000h;
If not check$ tntSm lgntsrb tl:'n

a rb ::orb or 4000Oh;
end setllpeneg;

checkSneq: procedure t
if not cieck~intgaign~arb- then

arb zarb and ebffrh:
end check~neg:

pop~s.tack: procedure:
declare nun, bytp;
ra arbi
if cheekSteaptar-, ,hen

rb zrb - (bri=-2);
else rb = rb - 2;

end pop~vtack:

pnsh~ t c k: procedure( nuw):
declare num byt--
rb rap
ra 2ra + nun:

end push~stack:

mov : procedure( source *destv~t . un)
declare source pmdres .

dent addreR".
count bytP.
schor basel- qe-r:r'-- byte.
dchar based 4d Iyp

do while(count := '01;1,t 253);

dchar = schar:
source = source ~I
lest 'ldest +- 1:

end:
end move:

till:procedure(dest.chnr.n):.
-'*fill locations stnirtirip ; .- iepvt with char for n hyte-P .'-
declare dent addree.

n byte.
4 based d-.. byt.
"l itar byte:

do while (n~gn-l) f~t
d 0 choir%
dest 2 dompt 4- 1:

end:
end fill:

declare mvu; addree',;
call printSchar( "
call prlnt~rhar(hlgh' rmTe,
call printf.'hni-I low'iv..4.r,

end error~m;



declar- warticode addrim;cs
call crlf:
call print(. 'wnrnlinx V
ca I I error~dumg(worncod-

end warning:

Prror:prnce'lure(errcode);
declare -rreo'de addr-"i~
call crlf:
errorfflag ztruet
call print(. 'error V);
call errorSvmcr'Prrero1l):

end error;

.~file procesming rintin-F. for use with cp/m

en nltaitiaSibizzefer:-r.ir,

bufter~e o tatbyte: produr- b~v-!'
re turn rTcb'(1:) :

end bnffer4* ttebyt,-:

3et~bufferg-etiitubyte~preJL4-, stntns):
declare status byte:
fch(33) = tatus;

end4 wetSkiv~tff-r*4ta t;,ebyte:

wri1teStark provedure byte;
return bufter~statusSbyto:

end wr Itedrnnrk:

getswri t $metk: procedure:
call set$bufferletatiiesbfyt'.'buff'e-r$,etntuslbyte or h)

and ietgwri te~marks

e learSwr itelmork: procedure:
eall set~bmffer~utatus~byte, (tuffertstatuaqbyte and Ofeli)

end c lear~wr iteflotrk:

activeilbufterprocedurie byte,
return shr( but er~set tiurSbyte. 1):

ead activi-Sbufl'ert

ee-t*bufte-r~insictlve:procedfur-;
call s e t~buf fer~s tot tpSbyt,( bit f trS* ta tiis~byte and Ofdh:

end metlbuffer-inactive;

se tSbuf tergac t le procedure;
call so tSbnf ferils totuotbyt, ibutr -rmtotu-;Sbylp or02)

end sol~buffer-Onctlvet

o.tilrandomfmnde:pronedurp:
call Retgbufferfiwtttzuwbytnib:;frer$,qattqgbyte or 030h);

end ic t~randomilmodot

rantdomfmod : procednre bytr.,
return rolibufferlotatimSb.v-.l):

eond randomeStoi-:

d Ilkeo f! prnc.-uitre:
If eofeddr =0 then

call errnr('ef'):
rc 2 e o f P.I -r 4 1:1

re Pofrat
rb 2 aofrb:
goto miof',iti

end diqk$-eof;



tillOf ile~bnftor~procedure:
If dlsmkread = then

dot
,-all vetSbuffergactlve:
return:

end:
do;

eall diskseof:
return;

end:
call Inlttailzelldlak~buffer;
cell eetilbufferSeet lyet
raturn;

end tlllrilelbutter;

wri teSdlgkSlfgreqprocredvxre
If writellmrk then

If dIskwrite <> 0 then
call error('d')

call clear~writeSmark:
If randomOmode then

call set~bufferSinactive:

end:
recordipoiuter 2buffer;

end write~disk~t(Sreq:

atilendlidipk~buffer:procedlure ?'yte:
return ( retordlpo Inter :=re'c'rdSpointer + 1) >= buffer!Fozd.

end stSendildhskSbuffer.

vnrlblockSwlzeproce-durp yt.,
return blocksize <> 0:

end -nr~blocksmizp:

a torelrecSptr: procedure:
rcbad ,d( 18) z record~po inter:

endl ae re~rec~ptr;

wr It caS V te :procedure(rho r)
declare el~nr byte:
It var~blockSglze and (byt.mowritten :~byteawritten+l)

> b tocka ize then
call or!-or( *er')

if atSondilekSbufrer then
call wrlte~diakflt~req:

If not artivelbuffer and random~mode thipn
do:

eall illl~file~buffer;,
febo32) = cb(32) -I reset rec')rd nn ~

noutdiskehar =char:
call pe tfwr itellmark.

end wrtteSa~bvte:

.. tot I e~vaddr:procedur.:-
prt~sildr 2mask( ra)t
tlsadlr = prtgentryt
Oeefar Ic bohd4 ( I9)
call pop~vtnck:

end a*tf~fI Iotaddr :

befreroetid =(baffet. r~l.",~ + ~~ Ik~cie
re.,ordpo intpr z f~bid-1'l' d
blackeliz- z fcbsdd#1 I?:
call aet'lmns



if open 255 then
do:

if make x255 th#en
enl error(ue')

en4:
end seitiprile~extent;

41lLkopen: proc,-durp:
leetare (rilenanpe.biitr.b~k2NaIze) addreo'.

14.) byte.
char based bitfr by-,.:

lnc6j:prore.Iure byte:
rq turn (j j i

end IneSj:

prt~a~ldr zmank(ra);
'!all popostack;
bIk3size = rgn:
call popmatack;
buff = atsk ra):
call popsftack:
burr = buff - char:
filesiddr.;srtlentry rn
buffer =rn + 0:
cal fill r(filename 'tr3 + D,' II1):

If char(2) *: then
do:

bra =(char( 1) and Ofl 1-0 1
Izchar - 21

buff =buft + 2:
end-

F1Ise
I char:

if 1 12 then
1 12:.

buff buiff + 1;
j =255;
do whi le (rhar( Inc.i) <) >nd (j <8):

end:
call move i(uff'ileunnne.JI:
If I )IncSJ then
ea Il move (.char(j) . f I 1-rin-S. -j):

calIl oe tursf Ilesextent:
are( 19) =0:
mrs(IS 1 ra +* 256t
ara( 17) = Ikk*q&Izpe

re2ra * 168:
,,nd d iekiopen:

se t~eotfs tack: procedure:
eafra ra;n
-ofrb rb;

end getfooffgqtnck.

call set~fileSuddrt
call eget~fllepointors:
byte.owritten =01
trettiold =trile:

end setup8diek~lot

randamf0e tup: proceivLre I
doelare bytcount add~r-me.

r-trord n4dr-q",
extent byte:

It &of vamrS)'ockfaliz" ,l:',i
caI I rr-,rf *rit'

arem arit - It
calIl we t~rnninm~nd":
c all 4 etI b, i C ,.Yg no"t I-
call wrI1-!3l i k~f9r'I:
bytecount *bIoekmi7.-

recolpon~er~b' t. "ntin! -,rh) hiirF-r



call utoretrec~ptr:
record 2 hr(byteco.unt,7);
extent = hr(record.7):
If extent - fcb4 l2t th-vi

do:
if rloge =255 the::

calI I error( 'r.e'
feb( ILI) = extent:

end;..
fcb( 3 2) = ow(recortl) and 7fh:
call popgatacki

end randomSetipt

ge t~dlIsk~chlar:procedure byte:
If at- ud~diqskSbuffer the.n

call write~dlskillf~roq;
cal II f111Sf IleSbuffer:

end :
If not activelbuftor then
call U ilti le~baffer.

If npectdtakchar =en~fll-r then
call diak~eoft

re t ii next 4 a kc art
end get~dlsk~ehar:.

dislel be: procedure:
c-all -qetSfIleSpolntermw:
call wite~d~slklf~req;
prtla-ldr = mask(ra):
it clos.e =255 then
call error(*ce):

*1prtSeutry --0%
end disk~c-1ose:

c lea r~pran tSbitf fproc ed re.
c-all flll((prlntbuffer := printbufferloc)' '.72)-,

end clesrSprlut~buff;

dumplprintlbulfprocedurot

declare temnp address,
V *.Qhar basned temp r'ytei

temp 2 prtntbuffend;
do while charv

temp =temp -I
end:

ca.ll crif;
do prlntbutfer =printhtiff'rloc to temp;

c-all printchar(printpoe):
end;s

call clear~print~bitff:
end dumplprluIlbiff:

load~prlntibutffprocedure( chnrt:

declare char byte-.
printpos char;

pr Intbif rend I h.n
c all d umplpr In t sh I r:

end lovtd~pr In t b:if r:

no t p t !procod nre (deimt .c Imp-
declare dfvt byt.-.

char byt-:
If det t.. -mmole than

enil pri::tScha(-ha): to .70-ov'ol !P,

call writPSASbt..11Rrt; i *i~
endi nutptt



deelar* source addresm.
num byte.
,ndigits byto.
char byte,
Index byte,
dest byte,
count byte.

a tore~one -procedutret
if (switch *= not awlteh) then

do:
char 2 hr(h~b'yt,-.4' or W9;
If (count=@) and (mr'V)then;~

call output(dm.t~ehv');
end;

(to:
call outputr'leqt.'%1tbyte and ONO' or 'fl');
hold z hold -I-

- nd;
count =count + l-

end storpSone:

hold -sourtce;
sign = hlbyte( I);
if sgn or 00fh then

call output(destC *:
else call o:tputdet'-*):
count 9;
hold hold -h*bytp;

nut.Bdigits h~byte = 2.
hold hold + 1-
nut. rundigits - h~hyt.
switch 2fle
hold =bold + 1:
do Indpx =I to numedlgits-l:

If count 2num then
do-,
call ontput(deqt.
count 2 1001
end:

* me
eall gtoregone:

endt
end wrltaldect

wr Ite~s tr :procedlure( ho 14. d#'st
declaro hold address.

h based hold lbvte.
dest byte.
Index byte:

hold rhold h
do index I to hb;

call output(d.sth.. indem)):
endt

end wrlt.etr;

wrlte~lnt:procedure(valuet-dem'';
declare value addresq. hy?,te, count byt'a:
declare decint(5) addreses iuiitlal(llfI)t.lflO.l).l0.l);
declarv (flag,dont' bl-to:
aign 2 chieck$ lnt~alg;tcovn lu'-'

If sign 2negative then
dot

value 2-"ue andt obrffl: untmi ..t iext to left bit '

call outpu(dqt.-'b

eloo 7all --istput(del.'
flag tf a loop
do I =~ 0to 4:

coutnt':0h
d,, whIlp vnlu *n .-e

vs 1 tat = V n ;. - I.



call =outnt+desI
end:

end Irt~lt

writegtolidtak:procedure( typri;
/* type 0-integer.type l.i:ltypo 2-qtring~~
declare type byte;
If typ. 0 then
call wri~eatnt(ars.I):

if type =I then
call wrlte~dec(ara. V;.

If not rirvtfleid then /%r wcparnte fle Idq withi commas~
call iwrtte~a~byte(',');

else firstfield~ 7 alqe;

if type =2 then
'to;

call wrlte~eSbytp(quoh': '-ptrings put in quotes ~
call wrltefstr(ara~l);
call wrIte~s~bytp(,m'jj ; /, add trailing quotes ~

end;-
call pop~s tack-,

end writeltolidliqk;

concatenato piroc, dire;
declare %~zjaz2ts~'byte;
templ =mas-ki~ra):.
e!all popstack;.
ltr not oheK'kStemp~arn) th:,r
do..

temp2 =mask( ra)
temp2 =temp2 - t2-,
nizP2 =t2 + It
call move (temp2. ra. 917e2l:

end;
"Ile

do:
alze2- bra;

-a ra -bra:i

end ;
templ =tenipi tI;
alze t t I
Call move( tempI+ I. ra+s l~..ze I t
IS" lze 2 sIze I + w izp2:
bra =tosize - 1;
rR 2 ra + t~slza:
bra =t~a Ize:
bra( I ; OcOht .'* Ret t-rnp ))I ts r/

end concatenatpt

dedlurp dec jut13) nddr-eqq lail lal ( l0t00.1000l. IOU. 0.I).
1, e' ;ddretas.
hold 3tddre,qq,
h: bnme't holdl byt.

nu surms

hold Inc 4 .izA - it
If Piz-~ II 'hon

call -r-t-H' .i:

,p Is



-~,=,u + (h -11, Jcn~~jI-

holI holIdf - I:

Ien-

end.;

end cnonvprtStoS it 0

4ecla-- trbyte:,

-lu ctr = I to 9;
I-Sbytefotr) = sh -Ste,-'trl 4- ,r -hr Sbyt'-(ctr;
end:

eno:

1,-p noS-Rhi ft = tri
end onesi-rt;

o ne Sr ght Ipro .-'. ae:
'Ieclar- ctr byte.

ln'Iex byte:
ctr = II ;
dto ind-c= I to 10;,

ctr =ctr-l:
b~byte(ctr) qahr b~byte('-tr) .4) or -iij( b~bytp(rtr-lI .4'

end:
end onp~riaght:

qhIft~rliuht:pn.,redure(count);
declar.'-ount,ctr) byte;
,to ftr =I to count:

call onegSright:

end shiT frIght;

shiT tOle t procedure( count)
declar- count byte;
noshirt false:
do ctr I to count:

call oneSieft:.
If noehift then

re turn;
end i

end -.hiftitleft:

IeadlngUS..roem~procpdurp(addr1 byte:
declara count byte,

ctr byte,
addr addres

count =O
bose Taddr:
(it ctr = I to 91

f f (bhbyt ( (-tr) and Orii' 0 then
r-turu count;

volint =colut + I;
if I I4bytet ctrl and (11HO t tlwn

return 'ontt
count =contant + 1:

It baq"- nOr~ then
'10o

call orrr(dzl
bbvhtqe) '1 10h:
de..pt9 = I t

end:

e-ndi I-adt~~~~q

rI~txrt-pr- -Iiir- by;'-



4eclIar- ckt r) byte-.
do ctr I to 91

if rictr) > (I S(9'9h-rflrctr))) ther.
return true;

if ri(ctr) , I then
repturn f-ime:

end;
eflfag 1triie;
returnl true;

end rl~gr.oa ter;

allgn: procp4nrp;
declar, dx.yl byte%

right*.,p:procedure(addr);
declare addr address;
I f nom hIf t then

do %
base 2addr:
call qhiftgrtght(y v: ctr);

.end.
end rightsopt

It dec~ptO ,decipti then
do-.
base= l
call shlftlleft(z : d cpt0 - deeptl);
deept I= decptl1 4- c tr- I

call rightfop(.rO);
decpto deepto -V

,Lnd ;

do&
base rj
call shif tglaft(s deti - dec~pt(l);
d.'cptO = decptO + ctr-l;
call rlght~op(.rt)j
deeptl =decptl- y;

end;.
end alllwn:

add~rO~prncedure(eeofd,dest);
declare (wevond, dest) addresm. (Inder.-v a b., I ) yt-:
hold =second-
bae = dents
cy O;
ctr 10i
dto index =I to It;

a =rR(ctr)t
Isb h~byt,-(ctr);

I dec(a +' cy)s
CY= vrry and 1;

I dec(1 + b)
cy2(cy or carry) and Ii

b~btq(rtr) z 2

rtr I ctr -I

kt cy then
t
ctr = 1;
do IndeIx eI to I t;
I h~bt-1c tr)
1 * 'lCt + CY)l

ry carry and 1;
6bytp(ctr) = ;
ctr rtr It
Ond

end I

-nd n.tdtO.

'onmlnentrnr du r(nimbi:
d1"vier. nuzr' byte':

-------



do cave numbs
hol,t=ri
hold =.rl;
hol H. -r2;

end;I
If signUO(numb) then signCO'numbl negative:
else sinGO(numb) =poeitti.-.

hlbyte(ctr) =99h1 - 1iSby~-;(ctr);
end;

end compliment;

rlght~just lty~prnceedure(nnnl,-
declare (ttumb. I) bytet
do case numb:

base =r)

base a .r2; 'ep~nn) n bbt~)9)

e ndt
deept6( numb) = decpte( num) - 1-2):

end rightsjustirt

se timul tidiv; procedure:
nowhift =falsei
It (mignO and signi) or

(not aignO and not .;Ignl, then
slgn2 =positive;

else qlqn2 =negative:
$-all fill I .r2,.. 1);

end siet~oalt~d iv:

add9serle-e:proeedure(conitl

do 1 2 to count-,
call add~rtO'.r2..r21;

end aldiger lea:

mulIt Ip ly: procedure( welue )
declare value byte-,
it value ly 0 then
do;

if noshift then
call error( 'ov);

call addgserles(valuel:
end.
base rt

call oneslef I;
end multiply;

d [ivde:; procedure:
dec laro jt.k. x. IzO.1l) 1,3-te!
call setlmultgdlvi
*@flag z trues

It (17.4) loadingfteror-n .rOl <>
IzI lesdIng~zero,--P.ri- then

do-,

bnxP .rO
call i ahirtsir,c .

dec pte (iee;o t
Aizi

ond: qhfSt;



IizO1

end;
else x Izi:

decpt2 19 - x +4peptl iecpto;
call Conhfpl meut(9):
d~o I zto 19.

do -hile lgreater iuz.L rrirag:
call addISP3(.rl.ril:
j a j + 1:
If 09f lag z trixe th#en iSf lag fnlse:

endt

If I then
r2(k) = r2(k) or j:

else r2(k) zr2tk) or' -3lfj,4);
ban"e .rOi
..all oae~rtght;.

end;
end divide.-

cheekgregul t procedure:
If r2 =99h then

do:
call comnpllment(2):
Mlgn2 t lgn2 xor 1:

end;
e Ise

do:
if r2 <>O then

call error( ov':
If not 96fiag then

9 1 xn2Poo I t I Ve:
enad:
end check~reiwult:.

checkSs Ign: Proc-edure;
uwf lag' Ta meg
It signO and algal then
dot

eIgu2 z:positive;
ret urni

end:
sIgn2 z' negativel
If not signO and not signl thL-vi

do:
56? iag true;
re turn:

end:
If signO then call complimsnet, 1).
else cult compliment(@);

end checiklulgnt

add: procedure:
call check~sign:
091l addfrg(.rl,.r2)t
call check~resut
deept2 w deeptot

ond add:

cpy~reg2*onM tack: proreditr*:
dleclare cotiut byte.

1 byte:
call rights lust ity2).

count t0:

base .r2;
1 A - fd-c t2 '2:

4o) while (I)SbYte 2 0) --'I f-lnt

rPnurt !cont+ I-



end;
ra * b+
bra(@) 2 (count :2 10
bra(l) 2 dec~pt 2 1
call iove(bas., ra+2,c,1ut'-
bro(count+2) count+2z
broi (cont+3) mlgn2 or W.-4): '* not mign and temp bits r,'
ra 2 ra + cout + 2:

end cpVyreC2Se.ntook;

load~regz procedure( source .regl
t lim)

declare source address.
repcI1nun byte.
count byte-.

hold z otircei
if not checkiltemp~h~oddr) then

hold = aask(hold).
sig'n@(regfuum) 2h~byte(l);
hold4 2 hold - hibyte;
count = 1gbyte;

do case regSnum;
base = rO;
bane .rl;
base =.r2t

end:
call fill(base,.. I);
hold 2 hold + I-,
dec~ptfl(reg*num) xh~byte:

hold = hold + I; *
call move( hold, bane+ 10-count. noulat):

end load~reg:

me tfupfregs prrcedures
noshift a falme;
call loadgrer( ra.R)

call right~justity(4);

call rightljustify(f):
end set~ap~regoi

steptinfentprocedre(nz):
declare num byte:
rc arc+num;

end stepOinsSenti

branchlabeo l ute: procedure:i
call step*inu~cnt( 1):
rc twobyteoprand - 1;

end bronch~obsolutet

g4etgcodegsddr:procedure(off-set1 address;
declare offset address;
return codebewe + offset:

end get6codeladdirt

get~~~~pwt~~~addr-rrcdr~t5e. dLrs
declarp offqet addreffmi
return prib'ire + offset;

ead Xet~prtlad-frt

declare addr address.

a bnsped addr ad d r'.
prt~nddr v mookta-irl
a 2 prtf-tstryi

end load;

a tnro:dc: p o re (two r.. :

I m.- ourr"m'- (



4 based devt addreso.
'tecpi byte.
sign based deatS.-!Qn bytes

if cliecklitemp(a) then
tempi =-lre

else tempt = ask(sourceo:
tewp2=mssk(dest) i
avallste t2 - 2;
destOsiga teep2 +l:
t2(1) x tt(I) and Olhi /*wntk off temp bits r-/
souarce= (tewpl: temPI-tl):-
d~wt~t*emsp2-t2:
amtesto 2tl%
&eopt =tP I)-

41g~bytes 2((amst~stn * 2 - deept) 1) r2;

Ir awtiteto sy aalissto th'u

call Move(source~deet.tl+2):
end:

else If sig~bytea <2 avllIgto then

call move (sour~e.d'est.t2):
temp2 =dest:
t2 =avatlis to:
t2(l) =(svai1Stztn -stg~byteq) '~2:

If decpt then
t2(l1) =t2(1 4- 1:

call ann(a)

ele ends

do.
hold =dens
IiUoddr z l1lhi
l~byte(2) 2l~h:
sign 2 positive&

end %
end store~dec:

wtor.*lnt!procedure(dest,value);
declare (doirt~value) ad-dress;
prtgoddr2,ask(dest):
prtfentryeva I t e

ond storellint;

s to reUs tr: proc edure~t rce -de -t;
declare? (dest,source) addr'-so,

a based sourr!e adifress.
d based dent addroes:

If check~temp(w) then
temupi N &*arc#;

@ Igo tempi 2mask( sousrce).
temP2 smek(dest)i
dest 2 temp2 - t21
source 2 tempt - t~I
it tl e2 t2 then
dot

call fill(deurt,20h.t2):
cal IIMo%- (sgource. Ales t . t 1)

end:

do;
call woVV(NOurce.dqt.t2':
call wrning('00&':

end utorelutr:.

a I loco tellm tr: proe.'duro:
If bra 0 thetn

do;
cal -rr~r( 'a- 1 :
bra I 0



end i
ca I pushillmtnck(brn: I Ifl
bra a brb;

end allocatetatr;,

atI locs te64l-c 'proceduret
decl are s tore byte:

If bra =0 then
do-,

cal *rror( *am')
bra %

end-
ctr =brat
store z (bra~l)/2+2.
calIl pushl t ack(s tore I
bra = store.
era 2are or 0100h;

end allocate6.Iee.

me tillua Ilicc: proceduret
prtfaddr =unask(rai':
call popsstskk

end set~upalloc;

t tn'I9rb procedure:
if checkltenmp(ars) then

rb re (bra + 2)1
Pine rb -a 2:

Pnd findirbi

savpcb :proceduroe:
if mov4'Sent v 6 then

return:
call poish9.etock(2) i
call mve(pcbptr~ra,move~cnt);
pebfva Iue( 1) re:
ra 2re + mo-efcutt
arm Umove~cnt:.

end savilpebt

uuswae: procedure,1
calmve(tewp~ilre-aalaield.ars):

re ~tal
end uinoavp:

ca lefrow proce-lure;i
declare (lndex.num~v~a~vlze.type) byte,

fnumlarreyu~numldim.allocllen.count~i) byte,
d t10) byte:

type 2 brn, ') l-Int.2-dec.3-str t
call popsatack4
numilarrays 2 bra;
call popsatacki
numdlm z brat
call pop94tmcki

d(nuu'flim) 14
It nufllrj I then bb+1

call popostack,
civil r'P*taekg

end:
e le
do indIex= I to nnmtdlmt

I=ni:&Slm - index:
assize -- 9wize it 'nui b'n -brb + ;i

v =v I lrb * S ~ )

rail p-n~mtvwki



endI
Ir type ' mt then

call pushim tack( 21:

allocilen 2bra-,
do count 2 1 to nnmSarrayq;

call stepoinascut( III
bra *c( I).
bra(l) zc and 3fh;
prtleddr = ara + prtgbe-:
prtleutry ra or 4000th. st et adilr bits
bra = nuSd ini
If num~dim () I then
do index = to numsdiim-1

I nunuldlm - twdex:
ra ra + 1;
bra (t

end-.
re re + 13
bra v:
ra ra + It
bra allocllen;
It type 2 nt then

bra 22;

re ra + 1;
hold 2 in:
re n ra + alelze r2;
hladdin ratn

end;
else

If type 2decl then
do.

bra 2(binn+l)./2 + 4-,
res (hold := rn+1) *2;.
bra alloc~lent
do Index 2 1 te t, z-

call allocat-adec:
call pumh~stn 'k(20.
bra 2 ctrt /* reset to allocated length E

ends
Call POP$Otacik;
h~addr 2 rat

end;-
e lse

It tjnc 2 st then
doe

bra t bra + 31
ra 2 (hold :=ra 1) + 2;.
bvra % alloeStevz
do Index z Ito a~qIeize:

call alI bent e$utin:
call pushet~ck(-);
ara 2 ninbi

ends
call popisetack:
h~addr 2 inn;

ends
call @tepSlnanent(lb:

ends /'tcount*/
end calc~rowt

en lcOpub'proceduret
d.c IlurA nirayleddr addr'e-w-.

location t~~ -nx
a~byte bad *rinny-n'i'r byt,
aSaddlr baee-l arrnv',iddr arldr-Pa.
( I .uImod I II) by 0~
offset addtr-.q-:

arrsy9-4'Ir 2 nmackir):
(!IlI P7'p!ik.

n~au~lir 2nsbyt,';



dio i v 2 to uum~d im;
call popslotacki
arrav~addr = rraytaddr 1

offmet =arm * a~byte + -. ffet:

0 ffet = rof:e abte1 * a~byte( I);

orraysaddr 3arrae~eddr * 2:

I f (lo0 catioj ara-Sdr >-Rt oanddir then

call error('ab');
or&a location or 4000)h:

end calceob;

decrementtblkprocedure(nuhm:
declare num byte:
ra blk((blk~lev~l:=blkSlmvelfl~im) 4-1-

call flnd~rbs
end decromuent~blk:

addGint: procedure(IP'l. flt
2 ) addcress;

return Intl + l.~

end add~int;

subglntprocedtre(lftl,1fl
2 , a-ldrass:

dec Icr- ( int I lnt2) vkd~lri-
return intl - lytt2:

end subglnt;

declare (lntl. lnt2) scrr. Q.
return Intl *. lnt2;

end ullint:

div4lmt:proceduire( InlIlnt
2 ) 4les

declare (Intl. lnt2) addrese.
return Intl / Int2i

end divlint:,

exl tSinterp~rocedure;
call crif:,
call vyn3:

end exitSinterpt

convo loOr-ed procedure;
call crlf:.
call prlntchr(-)i
qa II pr lntchmr( >))

call prinichar( ')t
call read( . nputbuffer':
if buff~space( I) 2coutz thena

call exitsinterps
nmwareid but flopeces

conbuffptr ~ bufffspece;
bufrompace(bufffspscC*+) = ol,!hart

end console~reedi

mormgcon*lnputprocedire byte-,
return coubuffptr < .burf-li.oare( num~reacI 1 a

end more~cin~inputs

0 0 nsoIefinputSerrorprocedur-
cv rereadaddre /* ree 1.,srn comnter It/

h ~call warng l)
goto ierror~exitt /* retuirn r- "tttr l-vPl TI/

-nd conool-Sinplttrror;

Wet~con~clur:procedure bytr':
ronbuffptr z onbuttplr - 1
return -onSchnr:



next*Input~chsr procedure byt-t
if inputtypo 0 thena /,, t nd from disk x

/* do forever:
If (br~sap lxaputin-i.~x) gettdi-k,har) If then

if var~btoekstne lj1.fl

-a II error( 'r
enad:

re turn nextid Iaklchor
end x/;

If Input~type =I then ')r inpnt frpm console *

return g,-tlcon~clinr;
end next*input~cbar:

ge t~r le Id 1prore-dure
d4claro hold byte,

d&Jii bytp:
tleldl'ngth =0:.
den while 4hold *=not~inpW-c nr)

If Input type =0 then
Inpistpir 2 .buff~space;

if Ifpttype I then
Inpistptr 2 conbuffptr:

If holI <> q4uote then

do:
delii. z uote-,
hold =nextg Input Se hnr:

do while (bold (> dellm) -.n (hold <> eol-har):
fildOlength = fle IdS I.-vagth + 1%

edhold =noxt~inputl-har;
nd: f 1

WtOIn tgf ic d: procedure-
dleclarp stpgn byte-,
call gptfleld:
If Input~cbnr =..thpit

do:
sign 2 1
inputptr 2Inputptr + 1:

fi'ldflength f~df,~h-I

If Inpttehnr 2 '+' then
do:
sign 0:o
Inputptr =Inputptr + 1:
fiI IIlength = ie ldfI-ugth -I;

call pushOstmck(2):

armr convertltofint( Inputpxr.tripId~lenirtb):
it erroretlng then

call conoleinputerror:
If sign then

are a -are and *~trfht '' t ne'g bit PnA .onv to new it
end getlnt~filld:

ge t~s tr~rto I d! procedure;
'nlgetelds

o n~chi r I elHdO 1e nqth 4- 1
lnputtptr ronbiffptr -

c a II pii h~s f c I( 2) :
are :(,Pnbtnffptr or 4000h;~i

end Xetllmtref ic iI



ge tdecS tol Id: 'procedure:-
call ge tefle Rd:

callI pnwht& ck(2) dO
Conecliar = ol /* set binary 0asen f4~-*
if lnplitscbar *then

do:

* inpiliptr a InPutptr + I
end:

if inpiatrchar- "' then
do;

-iutotr l nPutPtr + 1
end;

"Ie lgn, 14
call p~ckq4eclmsl(llputptr-U)-
if err.)rSrlag then

Csall !u~o alesiitputgerror:
ra =ptr9two - I%

bre( I) r sgn or OcOhb: '* e- sign and !,:mV hlte q

end getSA-c9Flr--di

inii IaI z,-eciCte procedure:.
* tacktoi.=3330h.
wed. rc 2Codebae:
smpr 2prtesei
at. sb 2 taekbafe;
ra (rb s a) + 2t
bideriag taime.

end lnitlalizetexecute;

/xnet up umachine*/

call prlnt(.'algol-mn Interpretcr-vers .0)

call crlf:
call ovensiftlies
bld~ilag =true:
call incbuft call luebuf; /*c qkip codemize )r/

prtbase 2 .etaory;
codebove Setparm + prtbee:
codeptrecodebues

/*load Machines/

do while next~char <> 7rh:

If curchar )z 128 then
dog

call stogcbartinc;
call Inebut:
cal I 9to~c hnrfInc

endi

if eurchor z qtr then

call sto~cbsr*In<-t
tempi codeptr:
cherf' 0; /* set Inltlnl length to 7ero ~
call qtoeharsinC;
do while ntextichar *' 0!

call sto~char9tnc;,

encl.
char *tleR:

cell stogcllur~infc:
char 0: .' "must utike Fill Ienght an o.1Vr qun~atitty '

d:



hold a buff + 1:
fieldtlength 0:
do w.hi Le noxttehor <) >0

rieldslength = (1d91-net + I:
end&
d convertlto~lntfhold..el -d~e-nzth):
a ode-pir eodeptr +2-.

ends

If cur'char decl the-n

*all sto~charginc;
call litebitr:
call pack*declmal(burf,4c..'2"ptr):.
codeptr 2 ptrltwo + 1:
buff= ptrSone + 2:

end;

do:
call st.)Schar~lnc:
If (curchar =brs, or 'currhar ?hscI thenu

do,
call get~two~by-":

3=a + codebage:
call Inesen-lepti-Stwo:

endi

If (carchar = i1) or (cur~har dcb' then
do;

roll Irwbuft
cafl stoScharSinc%

end:
else

If curehur m I.2 then
do:.

call lncbuft
call sto~charginc;
call Incbuf;,
call sto~charSlxu':

end,
end-

end-,

atackhose cdpv

/W stort of Interp 2

execute: procedure:
do forever:

If rol(c.l) then mnptt hp- lit or 1t-Io1'
do:

call pusbgotnck;2'!
bra 'a c(I) : /-* l'id In reverse (rder
bra(l1) =c and Ulu::.. - timk 1,114 I0 W/
mrT (are + prtShaea- or 4000"h. '$ -,-rt 01 addr bit"
If rol(c.2) thetu cnit I ond(rq,'
call wtepflnsS'-nI I':

do case ct

/* 0 case 0 not used*/

/* 1 tr 2

call pushlntak2:
evil e-tep-8nsS,',a:I
rc ve + e + I
arn re or 401i
call etepplnptF.'nt( i

endt



/2 2 lent
do;

calIl pushia tack( 2)
cal I Itepsinascnt ( I
are two~byteoprni
call stepflus~ent-il;

endt

/* 3 zch 2

4o;
hol-I ara:
arn arbt
,%rh hold:

/* 4 lod */
call loaul(ra);.

/2 5 dcb *
do:

c all 9tepSlnamScnt~ 1':
call decrerh-nt~b lkc

/* 6 dup*/
call crlf;

/* 7 ut v-,
rp f Urn:

/* a "Id "

do-
call a-et~uplalloc:
call allocateSdec.
prtgentry~rn or 4000h:

/* 9 ale M/
dot

Coll setsupsalloc:
-~ial 81 locateS. tri
prt$entryara or 400~0h:

ond:

/*10 aid 2/
dot
call setsupealloci

call allocate~dect
prt~entrysra or 400)1:;
cull pizhsltack(2);
bra 2 ctri

endt

/*It dig *'
dol

call qetsupsalloe;
eall allocatet*.trt
prft3ntryra or 40nli:
call pu.jh~mtack(2)
are arbs

end,

/W12 ad1 */
Ao:

call ofts::ipSnog:

8arb P ddSlnt(arb.arn::
call1 Cl:ckfn-gg;
callI popVMRt n,!k;

enud:

/T13 add 2
d--:



call metSup~r-qs: ~Pits valize.7 of top two lteu-5
i in r P gi) n %J r e I r es p Pct i vt

call allign;
call add;
call cpySreg2S-ouuetack:

end:

/*14 abi *
dota

call svetllup~nex
arb miib~lnt(nrb.a-'i':
call clieckeueg;
call poptu tackz

end;

/* 15 qbd *
-to;

call 9at~up~r~gR; "'iputs valuas of top two iter~ .

,:k in reg4O awl resrl respect iv- ly>
call alliga;
Call compl lment(O0l
if vignO then -ilgit nnoxntiv :

call add;
callI cpy~teg21lo n t a ek:

/*16 mpt '-

call setSup~negw:
aurb n mulgnt(arb,arn):
..atI checkineg:
" a II pops tack:

call qet~upSrex!*; ""K Putsaues of top two iteml ~
/-r in uegO and ra"!il reepectivelywr'

Aeclare ( l.lndex) byte;
call setswultvdlv:
'leci't2 decPt0 + de.-pt 1:
I t10.,
'to idex I to 10;:

call multilytri(i::lI1) anid Ofli),
call rultlply(iqhrirl(I).4)):

call 'py4reg2Souvvtaok;
end;

'Vl8 dvi */
do:

Call 'vetsuponew:
orb 2dlv*lntf~qrbnrnfl
,:all check~neg;
ct11l popostack,

end-,

/*19 dva *-
dot

-all matluptrewq.: "I puts vallnee of top two itsem-a
/V. in uegO and r-irl respctlvolv-

caill 41'%lde:
coil cpyrg2ontn-k;

/* not us-ed V/

/a2

/*21n



/*22 e .

do;
if checkilint(ars) then

are -era and Obf'rh
else if checkftemp(arah then

ea= are xor 0100it -change gign bit*/

dot
hold =msskra)
h~addr hO~iddr xor 0100fh.

end;

/*23 ell 5

/x not Implemented Xc/

'*24 c12 At/
/* not ImplewentAd5

/*25 deci 5

do;
cell push~setack( 2):
call stepfinuscat(l);

rer c + 2;
spa =re or 4000h:
call stepginsSeut(II;

end;.

/5*26 pop *'
call popletack;

/*27 ImI 5
dog

calIl pnwhOpytack( 2) :
call stepalnasent( 1);

e nd:

7*28 1.&2
do.

call pushfateek(2);
-n11 stepSins~ent(l);
hra~c( I) /* load in reverse ~
bra( l)zci
,:all stejOtnsfent(l)z

end:

/*29 5

/* not nowed z/

/* no t life'l A/

/V31 cat It/

call naet:

:*32 bil -'
b~k~~k1Pmv-~zb~~lP--'-I 2 n:

/'3ll) bid *"
call dfcr~ment~blk(.)t

./"4 br~s,
,al Ibrenvh~nbwnlntqe:

If hrn t~-,
-All~i~~r~qlt.



do's
call stip~lnagent(

2 )t
ca 1.1 pop~w tack;

endt

/2*36 12.2w/
do%

If brb < bra then

else brb*:-
eatl pop~ltsacks

end;

/*37 dI.. 2
/* not Implemented 3K/

/* not implemnted *

/*39 gtr2

dif brb > bra then
brb~ 1;

else brb=Oi
call pop~stack;

end-

/*40 dgtr 2
/* not implemented 2

/*41 ogtr 2
/2 not Implemented 2

/*42 eql 2

if brb =bra then
brbzli:

else brhzOI
call Poolataec

end,
/*49 de4'I 2

/* not implemented 2

/*44 seqI 2

/2 not Implertented *

/*45 neg 2
dos

it brb,<> bra then
brb a 1;

else brb 1: 01
en I I po p~i tack;

/X46 4ilig. 2/
/* not Anplame~t~d 2

/*47 duew *,A

/* not Implemented 2

/*48 goe4
dos

if bt-b )~bre then
brb It

elie irb 9 Or
call popeostcki

/249 dgfeq */.
/* not Implomented 2

/250 @gkeq
/* not imlnpemented ~

160(



/*St. log It/
do*

if brb (3bra then
brb Is

callI poptstack:
* ndl

/*52 dleq */
/* not Implemented 2

/* u-aleq K
/* not lmplew*~nted 2

,254 Inot */

if bra =0 then
bra 2It

else bra 0:
end;

/255 duot 2
/2 not Implemented 2

/256 unot :
/* not implemented K

/W57 land 2

do;
if (brs=0) or (brb=4O) then

brb is
else brb=Oi
call popga tack;

and;
/*58 dead 2

/2 not implemented 2

/259 @and 2

/x not Inplemeiited It/

/*60 ltr/

if (br*=0l and (brb=O) then
brb* I;

itee brbtSs
call pop~euck:-

/261 dor */
/* not Implemented 2

/262 nor It/
/2 not Implemented It/

/263 wic At/
dot

cull I rltellnt(ars.0)
call popetack:

end:

/*64 wdc 2
dot

it checktteusp(ars) then
call wrIte~der(rsi.0):

else
-call wtrlt@Sdac(mek(rn).@)i

dell pvopfttark:
end;

/*65 wre */
d*8

call write~m~r(-aO):

cal IIwr it#-#atr' ma-k( in)@)



call popletack:.

'*66 wid 2
call wrlIteStb~d Lgk(O);

cal7 Id2 wr Iteltold lak( 1):

/268 wed '
call wlte~to~dlsk(2)-

/*69 sbr 2

arb =are - arb:
call popsatmckg

endi

/270 bra 2
do;

re code~base + era;
call poplstack.

end;

/*71 row */
call calefrowt

/ 2 all2 calcasubt

call go tf I ntO fie I (I

call gettdec~fleld:.

/*73 rcem2
call gellatr~fteldi

/*76 rdl 2
dot

Iaputtype 2 6:
call get~lnt~fleldt

obnd i

/*77 rdd 2
dot

Inpu 4 lypemO
call wet~decilfleld;

end;

/*78 rdc 2
dot

Inputtype 6
call prettatr~tleld;

ends

do;
laputtype k It
reresdaddr v re
call convole~reldi

ends

If Maresconsluput thevi
e~ll donmolo~inputS~.rror'.

ru~ll Otore91nf(rl,-.nrni
rb rb -2:



call store~dec(ra.rb)b;
rb rb - 2s

call a toress tr( ra, rb):

ends

/254 14 *

call storeSint(;rb,ars);
call popostack.
call Po onstmck;.

endi

/285 odd */
do;

-all store~dec(ram-b):
eall popstack;
call popostacki

/286 sod 2

dog
call starefetr(ra.rb);
call pop~stack;
call pop~stacki

end;

/*87 opn */
call diskSopen;

c2 Ilsal e~~l~dr
do;

endi

/269 rdb 2
/2 ready mequpntIal block 2

do;
call setupodiakllot
tall met~eof~stack;

end;

/*90 rdf 2

/* ready random block 2
dot
call eetupisk~lot
tell rondoaacotupl
call oet~e*f~vtmck;

end;

/mql edr*/'
/X end of record for rend 2/
/*2 advucea to next line food 2

dot
It vargblorkSoize then

do while ffetlalk~char <) If,-

emi a e oto r eor @rSp tr t
end;

/1*02 edw */
/* end of racorrd for write a-

'log
If --nr~blackigelze tN,'n



cell wrIte~a~byte( I)-

ea I Iw ( I r)
ands

rot~addr r
re are + codebume;
8I1 'poplistack.

end-

/*94 sbv */
do;

declare (l,num) t-
pCbptr ekr)
Calt pop~stack:;
move~ent 2 ral
call popSimieck.
If era <> 0 then
do;

hold 2 rat
couunter a 2 * ara + 1
do I tI to counter;

en;call popsata.'k:

nazi = hold -ra

If (templ 9tac1ktOP - Unto) <2 re then
call error('mo',:

call woe( ra+2 . tomp I .num);
call f I tl ( temp 1- 2. 00h, 2);

end;
else

Call popStack:

ifpdbevalue(i) then
pebovelue(l) I

els1 e
Call 3avpcb-,

do~
declare I byte.

pntrmSf-ount 9'ldresm.;
tadl 2 re-
tsA2 arbi
ted3.re stacktop - 2:
rb a re 24
parmcount arsi
call poesack;
PcbPtr v pcbptr + 4 + parmcount *2;
do 1, 2 1 to parruSconmt:

test'rnlue 2 ra;
call pop~stacks
If testvalue =iqt tben

call UtoreIIn('.p,,!bptrar*).

If teftvalue 2l'1then

Cal to reS.Iec( 1n. pcbpt r):

Call *tfltpS-tl.(rapcbJptr).

Pcel'ptr prb~tr -2:

Ond:
re tadl;
rb tmd2:

end t



/*96 mm Is/
do;

ho I& ,ask(ra);
retf" lue =h9addr:
call decroent~hlk'I':I
Itf hadd r( 1) ( > I t~

call uflwave.

haddr( 1)
call decremfentShk'I.-
call pushostackr2);
if checkSlnt(retSVJI-) then

are = ttgvalue%
else

do;
tempi ak.l~ ~ 9LP
call ,nove(tempt Ir~1)
ra a ra + i

bra( 1) bra( 1) o'r0-1;
end;

end;

/*97 rtn 2
dot

rc u-rat~addr;
staektop = tacktop 2,

end;t

ends /*end case*/

call stepaiigenftil);
arrorof lag =false-
ends /* of do for ever 2

end execute;

minlI ne:
call cdt;-
call initililxeseecute

eotexlt: /* on end of file of current disk file come here 2

erroroxit: /V regroup on cou-4ol'e input error

call execute;
call exit~aftterpt

eof
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